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ABSTRACT 


The  principal  objectives  were:  (1)  the  determination  of  total  gamma- radiation  dose  and  dose- 
rate  histories  aboard  three  moored  ships  (destroyers)  exposed  to  radiological  environments 
at  locations  of  possible  operational  Interest  about  the  surface  zeros  of  two  underwater  nuclear 
detonations,  Shots  Wahoo  and  Umbrella;  (2)  estimation  of  remote-source  gamma-radiation 
dose  and  dose-rate  histories  at  exposed  weather-deck  locations  aboard  ship;  (3)  estimation  of 
total  gamma-radiation  dose  and  dose-rate  histories  in  the  water  adjacent  to  the  ships;  and  (4) 
measurement  of  gamma-ionization  decay  of  a  fallout  sample  collected  on  one  ship  a  few  minutes 
after  each  shot. 

The  ships,  which  were  equipped  with  operating  washdown  systems,  were  instrumented  with 
film  badges  and  gamma-intensity-time  recorders  (GITR’s).  The  film  badges  and  unshielded 
GITR’s  supplied  radiation  data  at  locations  representing  major  battle  stations;  GITR’s  sub¬ 
merged  in  the  water  supplied  some  data  on  underwater  radiation;  and  a  fallout  collector  con¬ 
nected  to  a  fully  shielded  GITR  supplied  gamma- ionization  decay  data. 

Radiation  histories  were  obtained  on  only  one  ship  for  Shot  Wahoo.  Although  histories  were 
obtained  on  all  three  ships  for  Shot  Umbrella,  some  data  was  lost  because  of  shock  damage. 

At  least  95  percent  of  the  total  dose  observed  on  the  washed  weather  decks  was  attributed 
to  radiation  from  airborne  radioactivity.  After  Shot  Umbrella,  weather-deck  dose  accumula¬ 
tion  (to  75  percent  of  final  values)  ranged  between  600  r  received  within  H  +  26  seconds  at  1,900 
feet  from  surface  zero  and  50  r  received  within  H+ 150  seconds  at  7,900  feet  from  surface  zero. 
After  Shot  Wahco,  the  dose  accumulation  was  slower,  but  the  final  deck  doses  were  about  300  r 
higher,  despite  the  fact  that  the  ships  were  from  1,000  to  2,000  feet  farther  away  from  surface 
zero  than  was  the  case  for  Shot  Umbrella.  For  nuclear-weapon-delivery  situations  simulated 
by  the  two  oloser-in  ships,  temporary  Immobilization  could  result  in  lethal  or  near-lethal  doses. 

After  Shot  Wahoo,  the  majority  of  compartments  received  doses  in  excess  of  500  r  aboard 
the  closest  ship  and  in  excess  of  200  r  aboard  the  next-to-closest  ship.  After  Shot  Umbrella, 
the  two  ships  received  doses  in  excess  of  200  r  in  many  compartments. 

Ratios  of  dose  or  dose  rate  in  compartments  to  dose  or  dose  rate  on  washed  weather  decks 
were  dependent  upon  changes  in  radiation- source  geometries  and  upon  the  presence  of  contami¬ 
nants  within  the  ships.  The  long-term  dose  ratios  ranged  between  0.1  and  0.7  for  nonmachinery 
spaces,  and  between  0.02  and  0.2  for  machinery  spaces. 

Although  radiation  from  the  water  may  have  influenced  the  compartment/deck  dose-rate 
ratios  to  a  considerable  degree  at  later  times,  the  contribution  of  contaminated  water  to  the 
total  dose  observed  aboard  the  ships  was  probably  of  little  significance. 

After  Shot  Umbrella,  gamma- ionization  decay  was  measured  for  the  periods  between  H  +  0.1 
and  11.5  hours  and  between  H+23,0  and  34.9  hours.  No  decay  measurements  were  obtained  for 
Shot  Wahoo. 
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FOREWORD 


This  report  presents  the  final  results  of  one  of  the  projects  participating  in  the  military -effect 
programs  of  Operation  Hardtack.  Overall  information  about  this  and  the  other  military-effect 
projects  can  be  obtained  from  ITR— 1660,  the  “Summary  Report  of  the  Commander,  Task  Unit 
3.”  This  technical  summary  includes:  (1)  tables  listing  each  detonation  with  its  yield,  type, 
envli’onment,  meteorological  conditions,  etc.;  (2)  maps  showing  shot  locations;  (3)  discussions 
of  results  by  programs;  (4)  summaries  of  objectives,  procedures,  results,  etc.,  for  all  projects; 
and  (5)  a  listing  of  project  reports  for  the  military-effect  programs. 


PREFACE 

Project  2.1  gratefully  acknowledges  its  indebtedness  to  the  following  organizations  and  per¬ 
sonnel  lor  their  contributions  to  the  project; 

W.  B.  Lane,  U.  S.  Naval  Radiological  Defense  Laboratory,  for  the  general  concept  and  de¬ 
tails  he  developed  for  collection  of  early-time  decay  samples. 

R.  K.  Fuller,  Project  2.2,  for  implementing  the  collection  and  handling  of  the  early  decay 
sample  in  the  field. 

Task  Unit  6  of  Task  Group  7.1,  for  furnishing  and  processing  the  1,700  film  badges  used 
for  technical  measurements. 

Personnel  of  Task  Element  7.3. 1.5,  the  Task  Group  7.3  Decontamination  Unit,  who  showed 
a  high  degree  of  initiative  and  cooperation  in  installing  the  film  badges  aboard  ship,  in  sample 
recovery,  and  in  sorting  and  handling  the  many  film  badges  required. 

The  officers  and  crews  of  the  Task  Group  7.3  Special  Projects  Unit,  who  manned  the  three 
target  ships,  for  their  frequent  and  cheerful  assistance  in  maintaining  support  equipment,  ac¬ 
complishing  repair  and  alteration  work,  and  furnishing  work  parties  when  requested. 

F.  K.  Kawahara,  Project  2.2,  for  much  needed  help  in  reducing  the  gamma-radiation  data 
required  for  the  final  report. 
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Chapter  1 
INTRODUCTION 


1.1  OBJECTIVES 

The  principal  objectives  were:  (1)  the  determination  of  total  gamma-radiation  dose  and  dose- 
rate  histories  aboard  three  moored  ships  (destroyers)  exposed  to  radiological  environments  at 
locations  of  possible  operational  Interest  about  the  surface  zeros  of  two  underwater  nuclear  det¬ 
onations,  Shots  Wahoo  and  Umbrella;  (2)  estimation  of  remote-source  gamma- radiation  dose  and 
and  dose-rate  histories  at  exposed  weather-deck  locations  aboard  ship;  (3)  estimation  of  total 
gamma-radiation  dose  and  dose-rate  histories  in  the  water  adjacent  to  the  ships;  and  (4)  meas¬ 
urement  of  gamma-ionization  decay  of  a  fallout  sample  collected  on  one  ship  a  few  minutes  after 
each  shot. 

An  additional  objective  was  the  provision  of  preproduction  evaluation,  production  liaison, 
instrument-maintenance  consultation,  and  a  field  maintenance  facility  for  all  projects  using 
GITR’s  developed  by  the  U.  S.  Naval  Radiological  Defense  Laboratory  (NRDL). 


1.2  TERMINOLOGY 

In  this  report,  total  gamma- radiation  dose  indicates  the  combined  contributions  of  all  radi¬ 
ation  sources  that  affect  the  detectors.  Doses  and  dose  rates  are  specified  to  apply  to  air  ab¬ 
sorption  only. 

1.3  BACKGROUND  AND  THEORY 

It  is  of  interest  to  the  Navy  to  find  out  whether  the  minimum  safe  standoff  distance  for  anti¬ 
submarine  nuclear-weapon-delivery  ships  Is  determined  by  radiological  effects  or  by  physical 
damage,  (Standoff  distance  Is  defined  as  the  distance  of  surface  zero  from  the  ship  at  the  time 
of  detonation. )  Each  tactical  maneuver  by  the  ship,  during  and  after  delivery  of  the  weapon, 
will  have  associated  with  it  physical  shock  and  radiation  effects.  For  a  given  weapon  detonated 
under  a  specific  set  of  environmental  conditions,  the  shock  effects  will  be  chiefly  dependent 
upon  the  ship’s  position  and  orientation  with  respect  to  surface  zero  at  the  time  of  shock  arrival, 
whereas  the  radiation  effects  will  be  dependent  upon  integration  (with  respect  to  time)  of  the 
shipboard  dose  rates  received  at  each  position  along  the  entire  track  of  the  ship. 

Because  it  was  not  feasible  to  have  the  test  ships  actually  perform  representative  tactical 
maneuvers  in  the  radiological  environments,  doses  for  such  maneuvers  were  not  measured 
directly.  The  alternative  was  to  obtain  data  for  specific  locations,  which  would  be  useful  for 
the  calculation  of  dose  rates  aboard  ships  performing  maneuvers  in  hypothetical  weapon  de¬ 
liveries. 

Parameters  of  interest  in  determinations  of  shipboard  dose  rates  include:  (1)  the  magnitudes 
of  radiation  sources  on  the  surfaces  of  the  ship,  in  the  surrounding  and  remote  air,  and  in  the 
surrounding  and  remote  water;  (2)  the  ingress  of  contaminants  into  the  Interior  of  the  ship;  and 
(3)  the  attenuation  afforded  by  the  ship’s  structures  or  machinery  with  respect  to  the  several 
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radiation  sources.  Some  of  these  parameters  have  been  previously  investigated,  principally 
for  other  than  underwater-detonation  conditions. 

In  past  calculations  of  shipboard  radiation  attenuation,  the  major  emphasis  has  been  given 
to  residual  contamination  on  slaps’  weather  surfaces  (Reference  1),  with  some  work  done  for 
a  ship  enveloped  in  a  radioactive  volume  of  air  (Reference  2),  assuming  monoenergetlc  gamma 
radiation  and  uniform  contamination  in  an  idealized  geometry.  (Shielding  calculations  are  in 
progress  at  NRDL,  which  for  both  residual  contaminant  and  remote-source  radiation  take  the 
entire  radiation-energy  spectrum  into  account  and  which  eliminate  much  of  the  need  for  ideal¬ 
ized  geometries  in  the  ease  of  remote-source  radiation. ) 

Gamma  radiation  from  sources  outside  a  ship  has  been  investigated  dm’lng  various  phases 
of  the  fallout  environment  from  land-surface  and  water-surface  megaton- range  detonations 
during  Operations  Castle  (Reference  3)  and  Redwing  (Reference  4)  and,  to  a  very-limited  ex¬ 
tent,  during  Operation  Wigwam  (Reference  5)  for  a  deep-underwater  detonation,  usmg  Liberty 
ships  (YAG’s  39  and  40)  as  the  test  vehicles. 

The  ejqierlmental  results  fi-om  Operations  Castle,  Redwing,  and  Wigwam  indicated  that  at¬ 
tenuation  factors  inside  ships  were  dependent  not  only  upon  the  geometries  of  the  ships’  struc¬ 
tures  but  also  upon:  (1)  the  geometries  and  relative  magnitudes  of  the  various  radiation  sources, 
which  depend  upon  detonation  conditions  and  also  change  with  time;  and  (2)  the  gamma-energy 
spectra,  which  are  functions  of  time  and  weapon  design. 
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Chapter  2 


PROCEDURE 


2.1  TARGET  SHIPS 

The  positions  and  orientations  of  the  target  destroyers  (DD’s)  were  chosen  by  the  Defense 
Atomic  Support  Agency  (DASA),  based  upon  compromises  of  requirements  from  the  many  proj¬ 
ects  utilizing  the  ships  (Figures  2.1  and  2.2).  The  three  distances  of  the  ships  from  surface 
zero  (SZ)  were  expected  to  represent  regions  of  moderate  shock  damage,  moderate  to  light 
shock  damage,  and  light  to  no  shock  damage  to  the  ships  of  their  equipment.  The  innermost 
and  outermost  ships  were  oriented  with  their  sterns  toward  surface  zero  in  order  to  simulate 
probable  escape  maneuvers.  The  middle  ship  was  oriented  with  its  starboard  side  toward  sur¬ 
face  zero  to  meet  requirements  of  other  projects. 

The  ships  were  located  on  a  line  downwind  from  surface  zero  in  order  to  maximize  the  radio¬ 
logical  effects  for  a  given  distance  from  surface  zero.  They  were  expected  to  receive  varying 
amounts  of  radiation  contributed  by  the  plume,  cloud,  and  weapon  debris  trapped  in  the  water 
near  surface  zero.  In  addition,  they  were  expected  to  be  contaminated  to  varying  degrees  by 
the  fallout. 

The  ships  were  subjected  to  continual  washdown  during  the  dynamic  radiological  events, 
because  shipboard  operations  ty  the  various  participating  projects  would  have  been  hampered 
by  the  eitpected  high  levels  of  residual  contamination.  (Washdown  is  a  standard  countermeasure 
aboard  naval  ships  and  would  normally  be  used  during  fallout  or  other  contaminating  events. ) 

Each  ship  had  forced-draft  blowers  supplying  air  to  one  fired  boiler  in  the  forward  fireroom 
in  order  to  supply  power  needed  to  meet  the  operational  or  experimental  requirements  of  vari¬ 
ous  projects.  The  experimental  ingress  studies  of  Project  2.2  aboard  DD  592  also  required 
the  operation  of  forced-draft  blowers  supplying  air  to  one  unflred  boUer  in  the  aft  fireroom  and 
the  operation  of  ventilation  systems  supplying  air  to  various  compartments  (Reference  6).  The 
ingress  of  these  air  supplies  could  be  expected  to  create  various  gamma  radiation  sources  in¬ 
side  the  ships  and  to  Influence  the  radiation  fields  at  various  stations  under  investigation  by  this 
project. 

2.2  INSTRUMENTATION 

The  gamma-radiation  dose  rates  and  doses  aboard  the  three  ships  were  measured  with  GITR 
instrumentation  and  standard  Rad-Safe  film  badges.  The  shipboard  areas  selected  for  investi¬ 
gation  represented  or  simulated  major  battle  stations  aboard  modern  destroyers. 

2.2.1  Gamma-Intensity-Time  Recorders  (GITR's).  Portable,  self-contained,  battery- 
powered  GITR’s  were  developed  as  part  of  NRDL’s  laboratory  program.  The  GITR  consisted 
of  a  detector  unit  and  a  recorder  unit  (Appendix  A).  The  detector  unit  could  be  mounted  Inside 
the  recorder  unit  case,  or  it  could  be  mounted  separately  and  connected  to  the  recorder  unit 
with  a  waterproof  cable. 

The  detector  unit  consisted  of  two  concentric  ionization  chambers  with  associated  recycling 
electrometers.  Discharge  of  the  Initially  charged  ionization  chamber  by  a  predetermined  quan¬ 
tity  of  ionizing  radiation,  triggered  the  electrometer  circuit,  which  sent  a  pulse  to  the  record¬ 
ing  unit  and  recharged  the  ionization  chamber  to  complete  the  cycle. 

The  pulses  were  recorded  as  on-off  information  on  magnetic  tape  in  the  recorder  unit.  Three 
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channels  of  information  were  recorded  on  each  tape;  the  equivalent  of  at  least  three  decades  of 
radiation  dose  rates  could  be  recorded  linearly  on  each  of  two  channels,  and  low-frequency 
timing  pulses  were  recorded  on  the  third  channel.  The  various  recorders  were  started  either 
manually  or  by  the  activation  of  a  relay  system  connected  to  an  Edgerton,  Germeshausen  and 
Grier,  Inc.  (EG&G)  radio  timing-signal  receiver  installed  on  each  ship.  The  recorder  shut 
itself  off  automatically  when  the  end  of  the  tape  was  reached. 

The  nominal  dose-rate  ranges  of  various  GITR’s  are  presented  in  Table  2.1. 

2.2.2  GITR  Installations.  Figure  2.3  presents  the  location  and  designation  of  GITR  detector 
stations  used  by  Projects  2.1,  2.2,  and  2.3  aboard  the  ships.  Unshielded  GITR  detector  units 
were  mounted  on  weather  decks  and  in  several  compartments  in  order  to  obtain  the  total  radi¬ 
ation  fields  at  these  locations.  Each  ship  also  had  three  specialized  GITR  stations:  (1)  Station 
14  was  directionally  shielded  against  radiation  sources  aboard  the  ship,  to  permit  estimation 
of  remote- source  radiations;  (2)  Station  15  was  suspended  in  the  water  to  measure  radiation  in 
the  nearby  water;  and  (3)  Station  16  was  modified  to  a  higher  dose-rate  range  to  prevent  loss  of 
data  in  case  the  standard  GITR’s  became  saturated.  GITR  Stations  1  through  16,  on  all  three 
ships,  were  of  specific  concern  to  this  project,  although  data  from  other  stations  was  utilized 
as  required. 

With  the  exception  of  Stations  18  and  21  aboard  DD  474  and  DD  593  during  Shot  Umbrella  and 
Stations  15  aboard  all  three  ships  during  both  shots,  the  detector  units  were  separated  from  the 
recorder  units.  All  detector  units  and  all  recorder  units  were  spring-mounted  to  prevent  dam¬ 
age  from  shock.  In  compartments  where  temperatures  exceeded  120  degrees  F  (Stations  9,  10, 
11,  12,  and  13),  the  detector  units  were  water  cooled  to  prevent  damage  by  heat.  Approximately 
0.1-lnch-thlck  aluminum  was  used  to;  (1)  cover  each  exposed  weather-area  station  as  a  whole, 
to  provide  protection,  and  (2)  jacket  the  detector  Itself  In  the  interior  stations,  to  obtain  similar 
energy  response  characteristics.  The  eenterpolnt  of  each  detector’s  sensitive  volume  was  lo¬ 
cated  3  feet  above  the  deck  on  which  the  station  was  mounted,  except  in  the  specialized  GITR 
Stations  14,  15,  and  16. 

The  modified  detector  in  Station  16  was  located  9  feet  above  the  02  deck  to  ensure  a  clear 
view  of  all  radiation  sources,  independent  of  ship  orientation.  The  detector  in  Station  14  (3.3 
feet  above  the  main  deck)  was  encased  by  4-lnch-thlck  lead,  which  shielded  against  radiation 
from  sources  on  the  ship  or  in  the  nearby  water  but  permitted  a  clear  view  of  surface  zero  and 
the  sky  overhead. 

Figures  2.4  and  2.5  show  general  details  of  GITR  mounting  and  cooling. 

The  underwater  Station  15  was  suspended  from  a  boom  extending  over  the  ship’s  fantail. 

After  the  underwater  shock  waves  had  passed  the  ship,  the  Instrument  container  was  meant  to 
be  submerged  to  a  depth  of  11  feet  by  means  of  a  winch-release-and-braking  mechanism,  acti¬ 
vated  by  a  delayed  relay-closvire  from  the  GITR  starting  circuit.  The  detector  unit  was  mounted 
Inside  the  i  ecorder  unit  case;  the  whole  GITR  unit,  with  detector  facing  upward,  was  firmly  pad¬ 
ded  with  expanded  polystyrene  airi  placed  into  the  instrument  container  (Figure  2.6). 

2.2.3  Gamma- Ionization  Decay  Unit,  This  unit  consisted  of  a  fallout- sample  collector,  an 
acid-wash  unit,  a  delivery  tube,  a  polyethylene  sample  container,  a  GITR,  and  a  6-inch-thick 
lead  cave  (Figure  2.7). 

The  sample  collector  was  a  polyethylene  tray  set  inside  a  Project  2.3  open-close  collector 
(OCC)  mounted  on  the  unwashed  platform  on  top  of  the  gun  director  of  DD  592  (Reference  7). 

A  perforated  stainless- steel  tube  was  attached  to  the  Inside  edge  of  the  tray  to  permit  spraying 
the  tray  with  the  acid  wash.  A  ‘4-inch  tygon  tube,  protected  by  flexible  metal  conduit,  connect¬ 
ed  the  tray’s  drain  hole  with  the  sample  container  inside  the  lead  cave,  which  was  mounted  on 
the  main  deck  of  the  ship. 

The  GITR  detector  was  installed  in  the  central  cavity  of  the  double-walled  sample  container 
so  that  the  fallout  sample  presented  at  least  a  3-77  geometry  to  the  detector.  The  detector  and 
the  sample  container  were  surrounded  by  foam  rubber  to  prevent  damage  by  shock,  and  the 
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sample  container  was  provided  with  an  overflow  tube  to  prevent  damage  by  hydrostatic  pressure. 

An  EG&G  radio  timing  signal  activated  the  timing  circuit  to  (1)  start  the  GITR  at  H-5  min¬ 
utes;  (2)  open  the  cover  of  the  CXIC  at  H-0.5  minute;  (3)  close  the  cover  of  the  OCC  at  H  +  4 
minutes;  and  (4)  wash  the  ti-ay  with  750  cc  of  concentrated  hydrochloric  acid  at  H  +  5  minutes. 

The  combined  acid-and-fallout  sample  drained  into  the  sample  container  and  remained  undis¬ 
turbed  for  53  hours,  during  which  time  two  12-hour  records  of  gamma  dose  rate  were  obtained. 
The  time  period  chosen  for  fallout  collection  was  based  upon  estimates  of  the  time  required  to 
collect  a  sufficiently  large  sample  of  fallout  in  a  short  time  so  as  to  start  decay  measurements 
as  early  as  possible. 

2.2.4  GITR  Calibration  and  Maintenance.  Primary  calibration  of  the  GITR  detectors  had 
been  performed  with  an  accurately  calibrated  Co®®  source  at  NRDL.  At  the  Eniwetok  Proving 
Ground  (EPG),  the  project  used  120  curies  of  Cs'®'  in  a  lead-shielded  source  holder  mounted 
in  a  trailer  for  calibration  of  GlTH’s.  The  field  calibrations  with  the  Cs‘®^  source  were  re¬ 
lated  to  the  primary  Co®®  calibrations  by  means  of  Vlctoreen  70A  r-meters  (known  to  be  accu¬ 
rate  within  ±5  percent),  which  were  utilized  as  transfer  standards.  The  detectors  were  held 

in  a  fixed  orientation  in  the  broad-beam  radiation  field  by  means  of  a  jig.  However,  the  chosen 
orientation — which  was  used  in  order  to  insure  reproducibility — led  to  biased  calibration,  be¬ 
cause  the  directional  responses  of  the  detectors  were  not  uniform.  The  responses  to  various 
gamma  energies  between  0.07  and  1.3  Mev  were  determined  by  means  of  filtered  X-ray  beams, 
Cs'®'  sources,  and  Co®®  soiu-ces.  These  responses  were  used  to  estimate  calibration-bias 
corrections  for  various  assumed  radiation-source  geometries  and  gamma  spectra.  The  details 
are  given  in  Appendix  B. 

The  field  maintenance  facility  consisted  of  a  dehumidified  room  equipped  with  tool  kits,  stand¬ 
ard  test  equipment  (oscilloscopes,  and  the  like),  and  portable  beta-radiation  sources.  The  air- 
conditioned  calibration  trailer  also  contained  tool  kits  and  standard  test  equipment  in  addition 
to  the  gamma-calibration  range.  These  facilities  were  established  for  use  by  all  projects  uti¬ 
lizing  the  NRDL  GITR’s. 

2.2.5  Film  Badges.  The  GITR  gamma-dose  measurements  were  augmented  by  the  use  of 
film  badges.  Approximately  1,700  standard  Rad- Safe  film-badge  packets  were  supplied  and 
processed  by  Task  Unit  6  (TU-8). 

The  standard  Rad-Safe  film  pack  consisted  of  two  films:  (1)  DuPont  502,  covering  the  dose 
range  between  0.1  and  20  r;  and  (2)  DuPont  834,  covering  the  dose  range  between  10  and  1,200  r. 
The  films  were  partially  covered  by  lead  strips  0.028  ±  0.002  inch  thick,  to  discriminate  against 
beta  radiation,  thereby  permitting  determination  of  gamma  dosage.  The  exposed  film  was  given 
5-minute  development,  with  4.5-minute  agitation,  in  Eastman  X-ray  film  developer  at  68  de¬ 
grees  F.  The  developed  film  under  the  lead  strip  was  read  with  an  Eberline-Angus  densitometer 
at  the  EPG  and  reread  with  a  Macbeth- Ansco  densitometer  at  NRDL,  which  permitted  scanning 
the  film  for  damage,  pinholes,  etc. 

The  film-badge  packets  were  used  in  pairs  in  order  to  obtain  statistical  estimates  of  random 
errors.  Four  to  eighteen  pairs  of  film-badge  packets  were  either  taped  to  stanchions  or  sus¬ 
pended  with  twine  3  feet  above  deck  level  in  each  compartment  or  area  being  investigated.  Fig¬ 
ure  2.8  presents  the  area  locations  of  the  film-badge  packets  aboard  the  destroyers.  Detailed 
locations  of  the  packets  are  presented  in  Appendix  C. 


2.3  OPERATIONS 

This  project  participated  in  Shots  Wahoo  and  Umbrella.  The  GITR’s  were  checked,  repaired 
if  necessary,  and  calibrated  before  and  after  each  shot,  so  far  as  was  practicable. 

Project  personnel  mounted  the  GITR’s  on  the  three  ships  by  D-2  days  of  each  shot.  Instru¬ 
ment  checkout  continued  until  D— 1  day,  at  which  time  the  system  was  readied  for  test  partici¬ 
pation.  Personnel  of  Task  Element  7.3.1. 5  were  briefed  on  film-badge  locations  and  recovery 
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procedures  aboard  the  ships  by  D-2  days,  helped  project  personnel  install  the  film  badges  by 
D— 1  day,  and  helped  project  personnel  recover  and  process  the  film  badges  after  shot  parti¬ 
cipation. 

The  GITR’s  were  started  either  manually  at  H— 3  hours  or  by  receipt  of  radio  timing  signals 
at  H— 5  minutes.  The  majority  of  the  GITR  recording  units  operated  for  12  hours,  but  three 
GITR  recording  units  per  ship  operated  for  60  hours.  As  soon  aftervmrd  as  was  feasible,  the 
record  tapes  were  recovered  and  processed  for  data  reduction. 

2.4  DATA  REQUIREMENTS 

As  pointed  out  In  Section  1.2,  the  doses  and  dose  rates  presented  in  this  report,  in  units  of 
r  and  r/hr,  are  defined  in  terms  of  air  ionization  and  not  in  terms  of  biological  effects. 

2.4.1  Data  Obtained  by  Project  2.1.  The  data  obtained  by  this  project  consisted  of  GITR 
records  from  the  various  stations  indicated  in  Figure  2.3  and  of  film  badges  exposed  in  loca¬ 
tions  indicated  in  Figures  C.l  through  C.19.  The  measured  GITR  data  consisted  of  pulses 
(representing  predetermined  quantities  of  air  ionization)  recorded  on  magnetic  tapes  running 
at  constant  speed.  The  observed  fUm-badge  data  consisted  of  the  optical  densities  of  the  de¬ 
veloped  fUm  areas  originally  under  the  lead  strips. 

2.4.2  Data  Reduction.  The  pulses  recorded  on  the  GITR  magnetic  tapes  were  initially  con¬ 
verted  to  uncorrected  dose  or  dose-rate  data  by  means  of  an  analog  data-reductlon  apparatus 
supplied  and  operated  by  Project  2.3  (Reference  7);  however,  the  IBM-704  computer  at  the  EPG 
was  eventually  utilized  for  more  accurate  read-out.  In  both  cases,  the  conversion  to  uncorrect¬ 
ed  dose  and  dose  rates  was  based  upon  the  biased  field-calibration  dose  increments  of  0.243  mr 
per  pulse  for  the  low-range  GITR  detectors  and  of  0,243  r  per  pulse  for  the  high- range  GITR 
detectors. 

For  the  IBM  read-out,  the  pulses  from  the  GITR  records  (entered  via  an  auxiliary  special- 
purpose  magnetic -tape  unit  and  gate  chassis  connected  to  the  computer)  interrupted  accumula¬ 
tion  of  constant-frequency  timing  signals  in  a  register  of  the  IBM- 704.  These  times  between 
GITR  pulses  were  stored  in  the  computer  memory  and  a  simplified  computer  program  was  used 
to  convert  the  stored  period  information  into  records  of  uncorrected  dose,  uncorrected  dose- 
rate,  and  time  after  start  of  computation.  Corrections  for  GITR  recorder  speeds,  determined 
by  checking  the  record’s  timing  channel,  were  applied  as  part  of  the  IBM  computer  program. 
Corrections  for  GITR  calibration  shifts  and  bias,  discussed  in  Appendix  B,  were  applied  to  the 
read-out  data. 

Conversion  of  time  scales  from  time-after-start-of-computatlon  to  time-after-shot  was 
straightforward  for  data  from  the  radio-started  GITR’s,  because  the  starting  pulse  on  the  rec¬ 
ord  also  served  to  start  the  IBM  computation.  That  was  not  the  case  for  the  manually  started 
GITR  records;  therefore,  the  dose-rate  data  from  these  records  (plotted  on  a  relative  time 
scale)  had  to  be  time-correlated  with  data  from  the  radio-started  GITR’s.  This  was  accom¬ 
plished  by  lining  up  times  of  those  prominent  curve  features  (such  as  maxima,  and  the  like) 
that  should  have  occurred  at  the  same  time  for  all  stations  aboard  one  ship. 

Corrected  dose  and  dose-rate  data  for  individual  GITR  stations  were  tabulated.  The  data 
from  the  washed  weather-deck  GITR  stations  were  averaged  and  tabulated.  For  the  periods 
during  which  saturated  GITR’s  created  gaps  in  the  data,  estimates  of  average  radiation  data 
for  the  weather- deck  areas  were  approximated  by  normalizing  appropriate  data  from  several 
unsaturated  interior  GITR’s  to  fit  the  actual  weather -deck  data  on  both  sides  of  the  gap.  The 
averaged  weather-deck  dose  rates  were  also  corrected  for  decay  to  serve  as  a  guide  in  esti¬ 
mating  the  relative  importance  of  remote-source  radiation  (Section  3.2).  Ratios  of  dose  and 
dose  rate  in  compartment  to  average  dose  and  dose  rate  on  washed  weather  decks  were  calcu¬ 
lated  as  functions  of  time.  Ratios  of  the  dose  rate  in  the  adjacent  water  to  average  dose  rate 
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on  the  washed  weather  decks  were  calculated.  The  dose-rate  histories  from  the  gamma- 
ionlzatlon  decay  unit  were  corrected  for  background  of  external  radiation  and  normalized  to 
read  1  r/hr  at  H  +  1  hour.  Slopes  of  the  log-log  plot  of  normalized  dose  rates  versus  time  were 
calculated  for  various  periods. 

The  various  estimates  of  probable  error  in  the  results  obtained  from  GITR  data  were  based 
upon  consideration  of  the  following  (or  combinations  thereof):  (1)  relative  accuracies  of  biased 
detector  calibrations  in  the  field  (Section  B.l);  (2)  tolerance  intervals  for  bias-correction  fac¬ 
tors  calculated  for  a  broad  range  of  assumed  radiation- source  geometries  and  gamma  energies 
(Section  B.2  and  Table  B.9);  (3)  estimated  effects  of  timing  errors  (Appendix  D);  and  (4)  the 
variance  of  data  about  the  calculated  averages,  where  appropriate. 

The  film  badges  were  developed  by  TU-6,  but  the  gross  densities  were  read  and  converted 
to  gamma-dose  values  by  project  personnel.  The  gamma  doses  for  all  film-badge  stations  in 
each  compartment  or  area  were  averaged.  Similarly,  the  doses  for  stations  in  each  athwart- 
ship  (transverse)  third  of  the  various  compartments  were  also  averaged.  Ratios  of  average 
dose  in  compartment  to  average  dose  on  washed  weather-deck  areas  were  calculated.  Film- 
badge  calibrations  and  estimates  of  error  are  discussed  in  Appendix  C. 

2.4.3  Data  from  Other  Projects.  For  both  Shots  Wahoo  and  Umbrella,  this  project  required: 
(1)  an  approximate  total  of  1,700  standard  Rad-Safe  fUm  badges  which  were  supplied  and  devel¬ 
oped  by  TU-6 — for  technical  measurements;  (2)  records  of  near-surface  wind  velocities  in  the 
vicinity  of  the  target  ships— for  correlative  purposes;  (3)  access  to  photographic  and  other  in¬ 
formation  that  helped  to  define  the  dynamic  radiological  phenomena  as  a  function  of  time  and 
location  in  the  contaminated  region;  (4)  access  to  all  photographs  showing  the  locations  and 
orientations  of  the  ships  with  resi)ect  to  surface  zero  after  shot  time — for  correlative  purposes; 
and  (5)  film-pack  data  for  the  weather-deck  areas  from  Project  2.3 — to  augment  film-badge 
data  obtained  by  Project  2.1. 

TABLE  2.1  GITR  DOSE-RATE  RANGES 


Detector  Type 

Record  Duration 

Gajnma  Dose-Rate  Range 

hr 

Standard 

12 

9  mr/lir  to  87,000  r/lir 

Standard 

CO 

9  mr/)ir  to  17,000  r/hr 

Modified 

12 

10,000  to  2,000,000  r/hr 
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Figure  2.1  Target  ship  array,  Shot  Wahoo. 
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Figure  2.3  Location  and  designation  of  GITR  stations  on  target  ships. 
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Figure  2.4  GITR  detector  loundations. 
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Chapter  3 


RESULTS  AND  DISCUSSION 


After  Shot  Wahoo,  GITR  data  was  obtained  only  on  DD  593,  because  power  failures  on  the  other 
two  ships  prevented  receipt  of  the  radio  timing  signals.  After  Shot  Umbrella,  GITR  data  was 
obtained  on  all  three  ships,  although  some  data  was  lost  because  of  shock  damage  to  several 
instruments;  in  addition,  the  majority  of  the  GITR’s  were  manually  started  at  H-3  hours  to 
circumvent  possible  repetitions  of  power  failure.  The  manual  starts  created  some  uncertainty 
In  the  timing  of  most  records,  and  as  a  consequence  caused  laborious  time  correlation  of  dose- 
rate  curves  with  those  few  records  obtained  from  radio-started  stations. 

3.1  TOTAL  DOSES  AND  DOSE  RATES  ABOARD  TARGET  SHIPS 

Detailed  tabulations  of  film-badge  and  GITR  data  are  presented  In  Appendixes  C  and  D. 

3.1.1  Weather-Deck  GITR  Data.  After  Shot  UmbreUa,  the  peak  weather-deck  dose  rates  on 
DD  592  and  DD  474  exceeded  the  normal  capacity  of  the  GITR  detectors,  1.  e.,  the  detectors 
were  temporarily  saturated.  To  fill  tlie  resulting  gaps  in  the  averaged  weather-deck  data  for 
these  saturation  periods,  data  from  several  unsaturated  interior  GITR  stations  were  normalized 
to  fit  the  averaged  weather-deck  dose-rate  curves  on  both  sides  of  the  gap.  The  interior  GITR 
stations  (which  supplied  the  data  used  for  normalization)  were  selected  on  the  basis  of  similarity 
In  the  shape  of  the  candidate  dose-rate  curve  with  that  of  the  averaged  weather-deck  dose-rate 
curve  In  the  vicinity  of  the  gap.  With  this  criterion,  two  sets  of  normalized  data  (used  consecu¬ 
tively)  were  required  to  close  the  gap  in  the  averaged  weather-deck  dose-rate  curve  for  DD  474 
(Figure  3.1).  Estimates  of  average  weather-deck  dose  were  obtained  by  numerical  Integration 
of  the  filled-ln  dose-rate  curves. 

Averaged  values  of  the  total  dose  rates  and  doses  on  the  washed  weather  decks  of  the  target 
ships  (and  estimates  of  the  standard  errors)  are  presented  In  Figures  3.2  through  3.5  as  func¬ 
tions  of  time.  The  averages  for  DD  593  (both  shots)  do  not  include  the  data  from  GITR  Station 
1;  the  data  appeared  to  be  anomalously  high  when  compared  to  the  data  from  the  other  weather- 
deck  stations.  No  reason  could  be  found  for  this  apparent  anomaly,  although  the  data  and  cali¬ 
brations  were  rechecked.  If  the  data  from  Station  1  were  included,  the  average  doses  and  dose 
rates  for  the  weather-deck  areas  on  DD  593  would  be  about  1.3  times  higher  than  shown  in  Fig¬ 
ures  3.2  through  3.5. 

Figures  3.2  and  3.3  compare  the  weather-deck  radiation  histories  of  the  thi-ee  ships  for  Shot 
Umbrella.  The  dose  curves  show  the  rapid  buildup  of  dose  aboard  the  two  close-in  ships.  Ap¬ 
proximately  600  r  were  accumulated  aboard  DD  474  during  the  Interval  between  16  and  26  sec¬ 
onds  after  shot,  and  approximately  400  r  were  accumulated  aboard  DD  592  during  the  interval 
between  24  and  40  seconds  after  shot,  ^proxlmately  50  r  were  accumulated  aboard  DD  593  up 
to  150  seconds  after  shot.  These  doses  represent  about  75  percent  of  the  doses  accumulated 
over  the  entire  period  of  measurement.  The  curves  indicate  maximum  dose  rates  of  approxi¬ 
mately:  550,000  r/hr  for  DD  474;  200,000  r/hr  for  DD  592;  and  5,200  r/hr  for  DD  593. 

Because  radiation  histories  lor  Shot  Wahoo  were  obtained  only  on  DD  593,  the  averaged  data 
from  the  weather-deck  stations  on  DD  593  for  both  shots  are  presented  in  Figures  3.4  and  3.5 
to  permit  comparisons  of  effects  at  similar  distances  from  surface  zero  (1.  e. ,  7,900  feet  for 
Shot  Umbrella  and  8,900  feet  for  Shot  Wahoo).  The  curves  (Figure  3.5)  show  that  the  dose  for 
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Shot  Wahoo  eventually  reached  a  value  about  four  times  that  for  Shot  Umbrella  even  though  the 
dose  was  accumulated  more  slowly  and  the  ship  was  1,000  feet  farther  from  surface  zero.  For 
example,  DD  593  received  50  r  within  150  seconds  after  Shot  Umbrella  compared  to  50  r  re¬ 
ceived  within  240  seconds  after  Shot  Wahoo,  whereas  the  dose  eventually  built  up  to  300  r  for 
Shot  Wahoo  compared  to  67  r  for  Shot  Umbrella.  The  maximum  dose  rates  were  approximately 
9,100  r/hr  for  Shot  Wahoo  and  5,200  r/hr  for  Shot  Umbrella. 

The  very-early  dose-rate  peaks  evident  only  on  the  DD  474  and  DD  592  curves  of  Figure  3.2 
(during  the  time  period  between  0.5  and  6  seconds  after  Shot  Umbrella)  occur  at  the  same  time 
for  both  ships.  This  Indicates  the  existence  of  some  radiation  source  which  did  not  move  hori¬ 
zontally;  however,  the  shapes  of  the  dose-rate  curves  do  not  appear  to  correlate  with  the  size- 
versus-tlme  relationships  of  the  plume  at  surface  zero  (References  8  and  9).  The  doses  from 
the  above-mentioned  very-early  radiations  were  too  low  to  be  of  any  significance;  the  values 
observed  on  the  weather  decks  were  approximately  0.13  r  on  DD  474  and  0.03  r  on  DD  592.  The 
very-early  radiation  was  not  detected  on  DD  593  for  either  shot,  and  there  is  no  data  available 
to  indicate  whether  such  radiation  was  received  on  DD  474  and  DD  592  after  Shot  Wahoo. 

The  time  sequences  of  the  major  dose-rate  peaks  which  follow  the  very-early  peak  appear 
to  depend  upon  the  distances  of  the  ships  from  surface  zero  (Figure  3.2),  thereby  indicating  that 
radiation  sources  were  moving  horizontally  during  these  later  time  periods.  This  is  borne  out 
by  Reference  7,  which  suggests  that  there  is  a  correlation  between  the  shapes  of  the  dose-rate 
curves  and  the  movements  of  the  visible  base  surge  or  cloud  for  both  shots  as  determined  from 
timed  aerial  photographs.  Such  a  correlation  would  be  consistent  with  the  results  of  Section  3.2 
in  which  it  is  estimated  that  more  than  95  percent  of  the  dose  observed  on  the  weather  decks  was 
due  to  remote-source  radiation. 

3.1.2  Compartment  GITR  Data.  The  dose-rate  and  dose  data  for  the  various  compartments 
are  tabulated  in  Appendix  D. 

Table  3.1  presents  gamma  doses  accumulated  within  24  hours  after  the  shots.  That  part  of 
the  dose  which  was  accumulated  in  the  period  later  than  90  minutes  after  shot  was  estimated  by: 
(1)  using  the  dose  rates  at  90  minutes  after  shot;  (2)  assuming  that  these  dose  rates  would  decay 
as  Indicated  in  Figure  3.42;  and  (3)  integrating  the  resulting  dose-rate  curves  with  respect  to 
time.  As  an  estimate  of  how  the  average  dose  in  a  compartment  is  related  to  the  GITR  dose 
data.  Table  3.1  also  presents  location-bias  factors,  which  were  obtained  by  averaging  all  avail¬ 
able  ratios  of  average  film-badge  dose  in  the  compartment  to  film-badge  dose  at  the  GITR  sta¬ 
tion.  The  locations  of  the  various  compartments  and  stations  are  shown  in  Figure  2.3. 

The  gross  relationships,  i.  e. ,  ratios,  of  the  gamma  dose  or  dose  rate  in  various  compart¬ 
ments  to  the  averaged  dose  or  dose  rate  on  the  washed  weather  decks  are  presented  as  functions 
of  time  in  Figures  3.6  through  3.36.  It  is  important  to  note  that  these  ratios  may  not  necessar¬ 
ily  be  good  measures  of  the  penetrability  of  ship  structures  by  radiation  from  exterior  radiation- 
sources  for  two  reasons;  (1)  the  radiation  inside  some  compartments  may  have  been  influenced 
by  radiation  sources  that  were  Inside  the  ship  (Section  2.1,  Table  3.2,  and  Reference  6);  and  (2) 
various  weather-deck  GITR  stations  may  have  been  shielded  by  intervening  structures  whenever 
remote  radiation  sources  were  not  directly  overhead.  This  may  explain  why  Figures  3.10,  3.17, 
3.18,  3.26,  3.33,  and  3.35  show  radiation  in  some  compartments  to  be  higher  than  that  on  the 
weather  deck  during  periods  preceding  possible  contaminant  Ingress.  The  principal  reason  for 
presenting  the  ratios  was  to  show  the  variations  in  the  relationship  between  the  radiation  inside 
the  ships  and  the  average  radiation  observed  on  the  weather  decks  as  functions  of  time. 

The  ratios  of  dose  in  compartment  to  averaged  dose  on  deck,  presented  in  Figures  3.6  through 
3.18,  show  some  fairly  consistent  trends.  There  are  relatively  large  variations  in  the  ratios 
during  the  time  period  preceding  the  major-peak  dose  rate.  This  can  be  attributed  principally 
to  the  changing  radiation- source  geometries  which  probably  altered  the  radiation  fields  at  both 
Interior  and  exterior  GITR  stations  to  an  extent  depending  upon  the  shielding  afforded  by  struc¬ 
tures  between  the  sources  and  the  detectors.  For  the  time  period  following  the  major-peak  dose 
rate,  by  which  time  most  of  the  dose  has  been  accumulated,  most  of  the  dose  ratios  remain  fairly 
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constant  except  lor  a  few  cases  which  show  significant  Increases  at  later  times.  These  in¬ 
creases  In  dose  ratios  at  late  times  occur  only  for  stations  which  are  among  those  listed  in 
Table  3.2  as  being  probably  affected  by  Ingress  of  contaminants  into  the  ships. 

As  compared  to  the  ratios  of  dose  shown  in  Figures  3.8  through  3.18,  the  ratios  of  dose  rate 
shown  in  Figures  3.19  through  3.36  show  considerably  more  variation.  This  is  to  be  expected 
because,  once  most  of  the  dose  has  already  been  received,  relatively  large  Instantaneous 
changes  in  the  dose  rate  may  have  little  effect  on  the  accumulated  dose. 

For  many  of  the  compartments  listed  in  Table  3.2,  the  dose- rate  ratios  show  significant 
peaks  during  the  time  period  following  the  last  major-peak  dose  rate  for  both  shots  and  during 
the  time  period  between  the  two  major-peak  dose  rates  for  Shot  Umbrella.  Most  of  the  above- 
mentioned  effect  is  attributed  to  the  presence  of  contaminants  inside  the  ship.  Other  variations 
in  the  dose-rate  ratios  for  all  compartments  were  probably  due  to  changing  remote-radiation- 
source  geometries  and  possibly  due  to  effects  from  contaminated  water  surrounding  the  ships 
durhig  periods  when  radiation  from  other  sources  was  low  (see  Figure  3.31  for  dose-rate  ratios 
based  upon  the  data  from  the  imderwater  Station  15). 

3.1.3  Film-Badge  Data.  Averages  of  the  24-hour  gamma  doses  aboard  the  target  ships  are 
shown  in  Table  3.3.  Film-pack  data  from  Project  2.3  (Reference  7)  are  hicluded  in  the  table. 
The  locations  of  the  various  compartments  are  shown  in  Figure  2.8.  The  locations  and  data 
from  individual  film-badge  stations  are  presented  in  Appendix  C.  In  general,  the  Project  2.3 
film-pack  doses  are  significantly  lower  than  the  Project  2.1  film-badge  doses  for  the  weather- 
deck  areas.  This  may  be  due  to  differences  in  film,  in  processing  control,  and  possibly  in 
calibration  and  read-out  technique.  Some  of  the  Project  2.1  film-badge  data  from  Shot  Umbrella 
for  the  DD  474  appears  to  be  anomalously  low  when  compared  to  the  data  for  DD  592;  the  GITR 
data  indicates  that  the  doses  on  DD  474  should  be  significantly  higher  tlian  the  doses  on  DD  592. 
The  data  was  reohecked  and  the  badges  were  reexamined,  but  no  reasons  for  the  anomalies 
could  be  determined. 

For  Shot  Wahoo,  most  of  the  film-badge  stations  were  exposed  to  doses  in  excess  of  500  r 
aboard  DD  474,  200  r  aboard  DD  592,  and  90  r  aboard  DD  593.  For  Shot  Umbrella,  the  doses 
were  lower  although  the  ships  were  from  1,000  to  2,000  feet  closer  to  surface  zero;  but  DD  474 
and  DD  592  were  still  e3q)Osed  to  doses  in  excess  of  200  r  in  many  compartments,  whereas 
aboard  DD  593  the  doses  in  all  compartments  were  less  than  45  r. 

Ratios  of  averaged  gamma  dose  in  various  compartments  to  the  averaged  dose  on  the  weather 
decks  of  DD  592  and  DD  693  are  presented  in  Table  3.4.  Ratios  for  DD  474  are  not  presented, 
because  the  average  dose  on  the  weather  decks  could  not  be  determined  for  Shot  Wahoo,  and  be¬ 
cause  the  film-badge  data  for  Shot  Umbrella  was  considered  to  be  unreliable.  For  each  com¬ 
partment,  the  several  dose  ratios  are  in  very  good  agreement  so  that  reliable  averages  could 
be  determined.  The  film-badge  dose  ratios  range  between  0.36  and  0.58  for  compartments  on 
or  above  the  main  deck,  0.14  and  0.46  for  nonmachinery  compartments  below  the  main  deck, 

0.11  and  0.20  for  machinery  spaces  above  the  waterline,  and  0.019  and  0.068  for  machinery 
spaces  below  the  waterline.  Note  tlat  the  possible  limitations  of  the  GITR  dose  ratios  that  were 
discussed  In  Section  3.1.2  shotild  also  apply  to  the  film-badge  dose  ratios. 

As  a  rough  indication  of  dose  distribution,  the  doses  observed  in  each  athwartship,  1.  e. , 
transverse,  third  of  various  compartments  were  averaged  and  presented  in  Tables  3.5  through 
3.7.  In  wide  compartments  there  was  a  tendency  to  have  lower  doses  in  the  center,  presumably 
because  of  shielding  afforded  by  the  superstructure.  Another  indication  of  nonuniform  dose  dis¬ 
tribution  in  some  compartments  is  the  location-bias  factor  presented  in  Table  3.1  and  discussed 
in  Section  3.1.2. 

The  available  comparisons  of  GITR  and  film-badge  doses  at  the  GITR  stations  are  presented 
in  Table  3.8.  The  ratios  of  GITR  dose  to  film-badge  dose  range  between  0.72  and  1.46  and  have 
an  average  value  of  0.96  with  a  standard  deviation  of  0.14.  Comparisons  of  GITR  and  fUm-badge 
ratios  of  dose  at  GITR  stations  to  average  dose  on  the  weather  decks  are  presented  in  Table  3.9. 
The  ratios  of  GITR  dose  ratio  to  film-badge  dose  ratio  range  between  0.76  and  1.21  and  have  an 
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average  value  of  1.02  with  a  standard  deviation  of  0.11.  These  comparisons  show  that,  with 
few  exceptions,  there  Is  good  agreement  and  apparently  no  bias  between  results  obtained  from 
GITR  and  fUm-badge  dose  data. 

3.2  REMOTE-SOURCE  GAMMA  RADUTION 

The  directionally  shielded  GITR  Station  14  was  designed  to  permit  discrimination  between 
remote- source  radiation  and  high  backgrounds  of  radiation  from  deposited  contaminants.  How¬ 
ever,  examination  of  the  data  indicated  that  the  background  of  radiation  from  contaminants  on 
the  washed  weather  decks  was  so  low  that  the  differences  between  remote-source  and  total  ra¬ 
diation  were  smaller  than  the  probable  errors  in  the  radiation  measurements.  This  led  to  the 
following  approach  for  estimation  of  the  remote-source-radiation  contribution  to  the  total  radi¬ 
ation  observed  on  the  washed  weather  decks. 

The  basis  for  the  estimation  technique  was  examination  of  the  decay-corrected  plots  of  the 
average  total  dose  rates  on  the  weather  decks,  which  are  presented  in  Figures  3.37  through 
3.40.  Measured  decay  data  were  available  for  the  period  later  than  6  minutes  after  Shot  Um¬ 
brella  (Section  3.4).  For  Shot  Wahoo  and  for  the  period  earlier  than  6  minutes  after  Shot  Um¬ 
brella,  estimated  probable  limits  for  the  unknown  decay  curve  were  based  upon:  (1)  the  calcu¬ 
lations  of  gamma  dose-rate  decay  for  unfractionated  fission  products  (Reference  10);  and  (2) 
straight-line  extrapolation  on  the  log-log  plot  of  the  measured  gamma  dose-rate  decay  shown 
in  Figure  3.42.  The  following  discussion  requires  the  assumptions  that  some  undetermined 
decay-corrected  dose-rate  curve  can  represent  the  buildup  of  contaminants  on  the  ships’  weather 
surfaces;  and  that  this  unknown  curve  always  had  either  zero  or  positive  slopes  during  the  period 
of  interest,  even  though  the  decks  were  continuously  washed  (Reference  3  indicates  that  the  ma¬ 
jor  value  of  washdown  is  the  continuous  suppression  of  contaminant  buildup).  Consider  the  above 
assumptions  and  refer  to  Figures  3.37  through  3.40.  The  minima  between  the  two  major  peaks 
of  the  Shot  Umbrella  curves  can  certainly  be  considered  to  be  upper  limits  of  the  decay-corrected 
dose  rate  from  fallout  deposited  on  the  weather  surfaces  of  the  ships  at  the  indicated  times,  be¬ 
cause  even  if  no  radiation  was  contributed  by  airborne  radioactivity  (which  may  not  have  been 
the  case)  the  contribution  from  deposited  fallout  could  not  be  greater  than  the  total.  For  similar 
reasons,  those  portions  of  the  curves  which  tend  to  level  off  after  the  last  major  peak  for  either 
shot  can  also  be  considered  upper  limits  of  decay-corrected  dose  rates  from  deposited  radioac¬ 
tivity,  especially  If  there  was  a  significant  drop  in  the  decay-corrected  dose  rate  after  the  nearly 
horizontal  portion  of  the  curve.  Therefore,  if  the  assumption  of  a  continuously  increasing  build¬ 
up  of  contaminants  is  valid,  it  follows  that  overestimates  of  the  contribution  by  deposited  con¬ 
taminants  to  the  decay-corrected  dose  rates  can  be  represented  by  the  horizontal  lines  labeled 
as  such  in  Figures  3.37  through  3.40.  These  decay-corrected  estimates  were  converted  to  dose 
rates  that  were  integrated  to  obtain  upper  limits  of  the  estimated  dose  contributed  by  deposited 
contaminants  for  each  assumed  decay  curve. 

The  estimated  doses  contributed  by  remote-source  radiation  to  the  total  doses  observed  on 
the  washed  weather  decks  of  the  three  target  ships,  based  upon  the  above-mentioned  approach, 
are  presented  in  Table  3.10.  These  values  indicate  that  at  least  95  and  98  percent  of  the  total 
dose  observed  on  the  washed  decks  was  due  to  remote-source  radiation  resulting  from  Shots 
Umbrella  and  Wahoo,  respectively.  As  a  consequence,  the  observed  total-radiation  data  can 
adequately  represent  the  remote-source  radiation  for  the  washed  weather-deck  areas  during 
the  first  10  minutes  after  shot.  Unfortunately,  there  was  no  data  available  from  which  it  would 
have  been  feasible  to  estimate  the  percent  contribution  of  the  remote-source  radiation  to  the 
total  dose  for  unwashed  weather  decks. 

3.3  TOTAL  GAMMA  RADIATION  IN  ADJACENT  WATER 

The  attempt  to  measure  the  radiation  in  the  water  adjacent  to  the  target  ships  was  not  suc- 
cussful.  No  data  was  obtained  for  Shot  Wahoo,  because  the  starting  signals  were  not  received 
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on  the  only  two  target  ships  that  were  Instrumented  (the  instrument  on  DD  593  had  been  canni¬ 
balized  at  the  last  minute  to  replace  a  burned  out  solenoid  on  one  of  the  closer  ships) .  Because 
the  dropping  mechanism  for  GITR  Station  15  proved  unreliable,  the  underwater  radiation  de¬ 
tectors  were  submerged  in  the  water  prior  to  Shot  Umbrella  in  the  hope  that  some  data  would 
be  obtained;  however,  the  Instruments  on  DD  474  and  DD  592  were  damaged  by  shock.  Conse¬ 
quently,  the  only  data  obtained  was  from  DD  593  after  Shot  Umbrella. 

The  tabulated  radiation  data  obtained  from  the  underwater  GITR  on  DD  593  for  Shot  Umbrella 
is  presented  in  Appendix  D.  During  the  period  when  the  ship  was  enveloped  by  the  base  surge, 
the  peak  dose  rates  of  0.19  r/hr  at  8  minutes  after  shot  and  the  0.01  r  dose  accumulated  by  18 
minutes  after  shot  are  attributed  to  contaminants  depositing  in  the  water  and  possibly  to  con¬ 
taminants  washed  off  the  ship.  Following  this  period,  the  underwater  dose  rates  were  very 
low  until  they  again  rose  to  a  peak  of  0.19  r/hr  at  6.4  hours  after  shot,  and  the  dose  accumulated 
to  0.37  r  by  8.5  hours  after  shot.  This  late  resurgence  of  underwater  radiation  is  attributed  to 
a  patch  of  contaminated  water  (detonation  debris  originally  upwelling  at  surface  zero)  drifting 
down  upon  DD  593. 

Figure  3.41  presents  ratios  of  dose  rate  in  the  water  to  average  dose  rate  on  the  washed 
weather  decks  of  DD  593  after  Shot  Umbrella.  Three  curves  were  constructed  because  of  a 
possible  uncertainty  of  30  seconds  in  the  timing.  The  results  for  all  three  possibilities  show 
that  the  miderwater  dose  rates  were  less  than  0.2  percent  of  the  washed-weather-deck  dose 
rates  during  the  periods  when  the  ship  was  enveloped  by  the  base  surge  and  were  no  more  than 
20  percent  of  the  washed-weather-deck  dose  rates  during  the  later  periods  when  the  deck  dose 
rates  were  very  low.  Therefore,  although  the  contaminated  water  did  not  contribute  signifi¬ 
cantly  to  the  gamma  dose  observed  on  DD  593  after  Shot  Umbrella,  the  radiation  from  the  water 
may  have  Influenced  the  dose-rate  ratios  to  a  significant  degree  at  later  times. 


3.4  GAMMA-IONIZATION  DECAY 

No  data  on  gamma-lonlzatlon  decay  was  obtained  for  Shot  Wahoo,  because  the  starting  signal 
was  not  received.  The  gamma  dose-rate  data  from  the  decay  unit  (GITR  Station  22)  aboard  DD 
592  after  Shot  Umbrella  is  presented  In  Appendix  D. 

Logarithms  of  the  relative  gamma  dose  rates  are  plotted  as  a  function  of  logarithms  of  the 
time-after-shot  in  Figure  3.42.  The  decay  curve  was  also  separated  into  segments  fitted  to  an 
equation  of  the  form 

Dose  rate  =  constant  x  (time)” 

The  exponents  n  were  evaluated  for  various  time  Intervals  and  are  represented  by  the  slopes 
of  the  log-log  curve  shown  in  the  figure.  Standard  regression  techniques  were  applied  to  the 
logarithmic  variables  to  obtain  the  slopes  and  their  95-percent  confidence  limits. 

The  background  of  external  radiation  affecting  the  dose  rates  Inside  the  6-lnch-thick  lead 
cave  was  estimated  to  be  negligible  for  the  time  periods  under  consideration.  The  estimate  was 
based  upon  use  of:  (1)  gamma  energy  variations  listed  in  Reference  10;  (2)  gamma-radiation  ab¬ 
sorption  coefficients  and  buildup  factors  from  Reference  11;  and  (3)  monodirectlonal  attenuation 
equations  applied  to  the  average  deck-dose  rates. 
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TABLE  3.1  TWENTY-FOUR-HOUR  GAMMA  DOSES  AT  GITR  STATIONS, 
BASED  UPON  GITK  DATA 


Dose  in  roentgens. 


Compartment 

GITR 

Station 

Shot  Walioo 

Shot  Umbrella 

Location-Bias 

Factor  * 

DD  593 

DD  474 

DD  592 

DD  593 

Weather  docks  t 

1  through  4 

311 

806 

527 

67.1 

— 

Pilot  house 

5 

144 

— 

199 

30,0 

0.99 

Crew’s  moss 

G 

6G 

127 

65 

12.4 

1.15 

7 

70 

— 

108 

15 .8 

0.82 

Magazine 

8 

59 

75 

13,4 

0.98 

Galley 

9 

227 

— 

— 

42.5 

0.95 

Forward  fireroom 

10 

50 

95 

53 

10.9 

1.54 

11 

29 

37 

26 

3.5 

0.82 

Forward  engine  room  12 

31 

56 

47 

6.8 

1.35 

13 

— 

24 

12 

— 

0.80 

Aft  fireroom 

17 

— 

— 

66 

— 

1,38 

18 

— 

24 

29 

3.0 

0.77 

Aft  engine  room 

19 

— 

— 

81 

— 

1.13 

20 

— 

— 

26 

— 

1.23 

Aft  quarters 

21 

— 

— 

158 

21.3 

1.12 

*  Tile  location-bias  factor  is  tlie  mean  ratio  ol  average  film-badge  dose  in  compartment  to 
film-badge  dose  at  GITR  station, 
t  Doses  for  washed  weather  decks  are  averaged  values. 


TABLE  3.2  COMPARTMENTS  PROBABLY  INFLUENCED  BY  INGRESS  OF 
RADIOACTIVE  CONTAMINANTS 


Compartment 

GITR 

Station 

Ship 

Shot 

Probable  Source  of  Ingress 

Galley 

9 

DD  592 

Umbrella 

Ventilation  air 

Forward  fireroom 

10  and  11 

All 

Umbrella 
and  Wahoo 

Boiler  air  (fired  boiler) 

Forward  engine  room 

13 

DD  474 

DD  592 

Umbrella 

Condenser  water  (?) 

Aft  fireroom 

17  and  18 

DD  592 

Umbrella 

Boiler  air  (unfired  boiler) 

Aft  engine  room 

19  and  20 

DD  592 

Umbrella 

Ventilation  air 

Aft  quarters 

21 

DD  592 

Umbrella 

Ventilation  air 
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TABLE  3.3  AVERAGE  24- 
BASED  UPON 

Dose  in  i'oenlgens. 

HOUR  GAMMA  DOSES 
FILM-BADGE  DATA 

ABOARD 

TARGET 

SHIPS, 

Compartment  or  Area 

Shot  Wahoo 

Shot  Umbrella 

DD474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

Above  waterline,  16  to  33  ft: 

All  weather  decks  * 

947 

528 

222 

563 

351 

44.8 

Main  weather  deck 

>1,000 

>853 1 

421 

394 1 

549 

65.6 

Bridge  complex 

>766 

514 

172 

346 

229 

30.3 

Above  waterline,  11  to  16  ft: 

Forward  quarters 

>820 

518 

163 

326 

204 

27.0 

Radio  central 

>714 

527 

152 

257 

196 

23.8 

Galley 

>884 

552 

210 

317  t 

282 

36.7 

Crew’s  washroom 

>906 

603 

179 

254  t 

307 

32.6 

Above  waterline,  2  to  4  ft: 

Crew’s  mess 

507 

219 

71.7 

166 

92.4 

11.8 

Forward  fireroom 

353 

153 

68.7 

134 

89.6 

10.6 

Forward  engine  room 

223 

121 

45.1 

79.4 

64.4 

8.3 

Aft  fireroom 

— 

177 

— 

— 

98.4 

— 

Aft  engine  room 

— 

164 

_ 

— 

108 

— 

Aft  quarters 

>802 

410 

144 

229  J 

219 

28.7 

Steering  gear  room 

590 

316 

96.3 

180  1 

215 

23.4 

Below  waterline,  3  to  6  ft: 

Magazine 

333 

214 

63.4 

165 

79.1 

10.7 

Forward  fireroom 

101 

38.6 

18.9 

44.3 

18.7 

<1.7 

Forwai'd  engine  room 

76 

31.1 

9.5 

16.4 

10.7 

<1.3 

Aft  fireroom 

— 

51.1 

— 

— 

21.6 

— 

Aft  engine  room 

— 

62.4 

— 

— 

37.6 

— 

*  Project  2.3  film-pack  data  (Reference  7). 

t  If  some  values  greater  than  recommended  range  of  film  dose  are  assumed  to  be  valid, 
the  average  dose  would  be  approximately  1,130  r. 

%  Anomalous  values. 
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TABLIi  3.4  RATIOS  OF  GAMMA  DOSE  IN  COMPARTMENTS  TO  DOSE  ON  WEATHER 
DECKS,  BASED  UPON  AVERAGE  FILM-BADGE  DATA 


Doso  in  roentgens. 


Compartment  or  Area 

Shot  Walioo 

Shot  Umbrella 

Mean 

Standard 

DD  592 

DD  593 

DD  592 

DD  593 

Value 

Deviation 

Above  waterline,  33  ft: 

Bridge  complex 

0.46 

0.41 

0.42  , 

0.46 

0.438 

0.026 

Above  waterline,  11  to  16  ft: 

Forward  quarters 

0.46 

0.39 

0.37 

0.41 

0.408 

0.039 

Radio  centx'al 

0.47 

0.36 

0.36 

0.36 

0.388 

0.055 

Galley 

0.49 

0.50 

0.51 

0.56 

0.515 

0.031 

Crew’s  washroom 

0.54 

0.43 

0.56 

0.50 

0.508 

0.057 

Above  waterline,  2  to  4  ft: 

Crew’s  mess 

0.19 

0.17 

0.17 

0.18 

0.178 

0.010 

Forward  fireroom 

0.14 

0.16 

0.16 

0.16 

0.155 

0.010 

Forward  engine  room 

0.11 

0.11 

0.12 

0.13 

0.118 

0.010 

Aft  fireroom 

0.16 

— 

0.18 

— 

0.170 

0,014 

Aft  engine  room 

0.15 

— 

0,20 

— 

0.175 

0,035 

Aft  quarters 

0.36 

0.34 

0.40 

0.44 

0.385 

0.044 

Steering  gear  room 

0.28 

0.23 

0.39 

0.36 

0.315 

0.073 

Below  waterline,  3  to  C  ft: 

Mi^azine 

0.19 

0.15 

0.14 

0.16 

0.160 

0.022 

Forward  fireroom 

0.034 

0.045 

0.034 

0.026 

0.035 

0.008 

Forward  engine  room 

0.028 

0.023 

0.019 

0.033 

0.026 

0.006 

Aft  fireroom 

0.045 

— 

0.039 

— 

0.042 

0.004 

Aft  engine  room 

0.055 

— 

0.068 

— 

0.062 

0.010 

TABLE  3.5  ATHWARTSHIP  VARIATION  OF  24-HOUR  GAMMA  DOSES  ABOARD 
DD  474,  BASED  UPON  AVERAGE  FILM-BADGE  DATA 


Dose  in  roentgens. 


Compartment  or  Area 

Shot  Wahoo 

Shot  Umbrella 

Port 

Center 

Stbd 

Port 

Center 

stbd 

Above  waterline,  16  to  33  ft: 

Weather  decks  ♦ 

870 

1,040 

970 

490 

650 

570 

Bridge  complex 

>800 

>750 

>1,000 

360 

310 

410 

Above  waterline,  11  to  16  ft: 

Forward  quarters 

>1,000 

780 

>1,000 

320 

250 

410 

Radio  central 

>1,000 

580 

>1,000 

230 

220 

360 

Galley 

>900 

>1,000 

>1,000 

290 

340 

290 

Crew’s  washroom 

>1,000 

>1,000 

810 

260 

250 

280 

Above  waterline,  2  to  4  ft: 

Crew’s  mess 

570 

330 

750 

150 

140 

220 

Forward  fireroom 

250 

130 

420 

140 

96 

200 

Forward  engine  room 

410 

270 

510 

84 

56 

140 

Aft  quarters 

820 

760 

>900 

230 

200 

250 

Steering  gear  room 

630 

— 

530 

190 

— 

170 

Below  waterline,  3  to  6  ft: 

Magazine 

280 

410 

310 

170 

IGO 

160 

Forward  fireroom 

77 

100 

120 

33 

47 

53 

Forward  engine  room 

100 

53 

— 

18 

14 

— 

*  Project  2.3  film-pack  d^a  (Reference  7). 
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TABLI5  3.6  ATHWAltTSHIP  VARIATION  OF  24-HOUR  GAMMA  DOSKS 

ABOARD  DD592,  BASED  UPON  AVERAGE  FILM-BADGE  DATA 


Dose  in  roentgens. 


Compartment  or  Area 

Shot  WaJioo 

Shot  Umbrella 

Port 

Center 

Stbd 

Port 

Center 

Stbd 

Above  waterline  16  to  33  ft: 

Weather  decks  * 

480 

590 

530 

310 

380 

370 

Bridge  complex  4 

Above  waterline,  11  to  16  ft: 

590 

4G0 

570 

230 

220 

260 

Forward  quarters 

680 

340 

570 

210 

160 

250 

Radio  centi*al 

850 

310 

740 

180 

140 

330 

Galley 

560 

500 

620 

270 

280 

290 

Crew*s  washroom 

Above  waterline,  2  to  4  ft: 

440 

630 

G50 

320 

300 

310 

Crew’s  mess 

220 

190 

260 

66 

75 

140 

Forward  fireroom 

190 

110 

190 

79 

61 

160 

Forward  engine  room 

130 

92 

170 

49 

47 

120 

Aft  fireroom 

190 

140 

230 

94 

69 

160 

Aft  engine  room 

200 

120 

210 

120 

80 

150 

Aft  quarters 

440 

360 

420 

210 

190 

290 

Steering  gear  room 

Below  waterline,  3  to  6  ft: 

320 

— 

320 

210 

— 

220 

Magazine 

240 

190 

220 

74 

74 

89 

Forward  fireroom 

35 

51 

30 

14 

27 

15 

Forward  engine  room 

38 

24 

— 

12 

9 

— 

Aft  fireroom 

40 

59 

42 

14 

26 

18 

Aft  engine  room 

— 

45 

88 

— 

28 

52 

*  Project  2.3  film-pack  data  (Reference  7). 

TABLE  3.7  ATHWARTSHIP 

VARIATION  OF 

24-HOUR 

GAMMA  DOSES 

ABOARD  DD593,  BASED 

UPON 

AVERAGE  FILM- 

•BADGE 

DATA 

Dose  in  roen^ens. 

Compartment  or  Area 

Shot  Wahoo 

Shot  Umbrella 

Port 

Center 

Stbd 

Port 

Center 

stbd 

Above  waterline,  16  to  33  ft: 

Weather  decks  * 

220 

250 

210 

40 

50 

46 

Bridge  complex 

Above  waterline,  11  to  16  ft: 

170 

190 

190 

28 

29 

37 

Forward  quarters 

190 

120 

190 

27 

20 

35 

Radio  central 

190 

140 

170 

21 

21 

35 

Galley 

200 

240 

190 

33 

38 

40 

Crew’s  washroom 

Above  waterline,2  to  4  ft: 

230 

150 

250 

34 

33 

37 

Crew’s  mess 

76 

56 

90 

11 

8.7 

16 

Forward  fireroom 

69 

55 

90 

9.9 

8.1 

17 

Forward  engine  room 

55 

33 

59 

8.2 

6.0 

14 

Aft  quarters 

140 

120 

170 

30 

25 

32 

Steering  gear  room 

Below  waterline,  3  to  6  ft: 

99 

— 

94 

26 

— 

21 

Alagazine 

Cl 

G8 

61 

10 

12 

10 

Forward  fireroom 

12 

27 

19 

<2.2 

2.4 

1.6 

Forward  engine  room 

12 

7 

<1.5 

<1.0 

— 

*  Project  2.3  film-pack  data  (Reference  7). 
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TABLE  3.8  COMPARISONS  OF  24-HOUR  GtTR  AND  FILM- 
BADGE  DOSES  AT  GITR  STATIONS 


Dose  in  roen^cns. 


GITR 

Station 

GITR 

Dose 

Film 

Dose 

GITR/Film 
Ratio  * 

GITR 

Dose 

Film 

Dose 

GITR/Film 
Ratio  * 

DD  593, 

Shot  Wahoo 

DD  474, 

Shot  Umbrella 

5 

144 

199 

0.72 

— 

— 

— 

6 

66 

72 

0.92 

127 

138 

0.92 

7 

70 

74 

0.95 

— 

— 

— 

8 

59 

66 

0.87 

— 

— 

— 

9 

227 

213 

1.04 

— 

— 

— 

10 

50 

54 

0.93 

— 

— 

— 

11 

29 

27 

1.07 

37 

47 

0.79 

12 

31 

34 

0.91 

56 

63 

0.89 

13 

— 

— 

— 

24 

25 

0.96 

DD  592, 

Shot  Umbrella 

DD  593, 

Shot  Umbrella 

5 

199 

211 

0.94 

30.0 

30.9 

0.97 

G 

— 

— 

— 

12.4 

10.9 

1.14 

7 

108 

123 

0.88 

15.8 

15.5 

1.02 

8 

— 

— 

— 

13.4 

12.1 

1.11 

10 

53 

58 

0.91 

— 

— 

— 

11 

26 

27 

0.96 

3.5 

2.4 

1.46 

12 

— 

— 

— 

6.8 

6.0 

1.13 

13 

12 

12 

1.00 

— 

— 

— 

17 

66 

66 

1.00 

— 

— 

— 

18 

29 

29 

1.00 

— 

— 

— 

19 

81 

96 

0.84 

— 

— 

— 

20 

26 

33 

0.79 

— 

— 

— 

21 

158 

184 

0.86 

— 

— 

— 

♦  The  mean  value  is  0.96 

;  the  standard  deviation  is  0.14. 

TABLE 

3.9  COMPARISONS  OF  GITR  AND 
OF  DOSE  AT  GITR  STATIONS 
ON  WEATHER  DECKS 

FILM-BADGE  RATIOS 
TO  AVERAGE  DOSE 

GITR 

Station 

Mean 

Standard 

Mean 

Standard 

Ratio 

GITR 
Ratio  * 

Deviation 

of  Ratio 

Film-Badge 
Ratio  * 

Deviation 
of  Ratio 

GITR/Film 
Ratios  t 

5 

0.429 

0.046 

0.440 

0.042 

0.98 

6 

0.168 

0.039 

0.161 

0.026 

1.04 

7 

0.221 

0.015 

0.217 

0.029 

1.02 

8 

0.177 

0.030 

0.162 

0.021 

1.09 

9 

0.634 

0.085 

0.524 

0.076 

1.21 

10 

0.125 

0.025 

0.105 

0.018 

1.19 

11 

0.052 

0.012 

0.048 

0.011 

1.07 

12 

0.084 

0.013 

0.086 

0.004 

0.98 

13 

0.025 

0.004 

0.025 

0.007 

1.00 

17 

0.124 

— 

0.122 

0.003 

1.02 

18 

0.042 

0.012 

0.055 

0.004 

0.76 

19 

0.154 

— 

0.152 

0.032 

1.02 

20 

0.050 

— 

0.051 

0.012 

0.98 

21 

0.310 

0.012 

0.341 

0.008 

0.91 

♦  All  dose  ratios  applicable  to  a  given  station  for  the  several  ships 
for  both  shots  were  averages,  if  available, 
t  The  mean  value  is  1.02;  the  standard  deviation  is  0.11. 
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TABLE  3.10  ESTIMATED  DOSE  CONTRIBUTED  BY  REMOTE-SOURCE 
RADIATION  OBSERVED  ON  WASHED  WEATHER  DECKS 
OF  THE  TARGET  SHIPS 


Ship 

Shot 

Remote-Source  Contribution  to  Total  Dose  on  Deck 

At  15  min  After  Shot 

At  2  hrs  After  Sliot 

pet 

pet 

DD  474 

Umbrella 

97.2* 

96.6  * 

94.8 1 

94.3  t 

DD  592 

Umbrella 

97.5* 

97.0  + 

96.0 1 

95.5  t 

DD  59.3 

Umbrella 

96.5* 

96.1  * 

96.3  t 

94.9  t 

DD  593 

Walioo 

99.4* 

98.1  + 

98.9  t 

97.6  t 

*  Estimate  based  upon  use  of  decay  curve  (Reference  10). 
t  Estimate  based  upon  use  of  extrapolated  measured-decay  curve. 


TIME  AFTER  SHOT  (SEC) 

Figure  3.1  Example  of  estimating  average  dose  rates  on  deck 
of  DD  474  for  period  of  GITR  saturation,  Shot  Umbrella. 
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AVERAGE  GAMMA  DOSE  ON  DECK  (R) 


TIME  AFTER  SHOT  (SEC) 

Figure  3.3  Average  gamma  doses  on  weather  decks 
of  target  ships,  Shot  Umbrella.  Vertical  bars  indicate 
estimates  of  probable  error. 
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10  10^  10’ 

TIME  AFTER  SHOT  (SEC) 


Figure  3.4  Average  gamma  dose  rates  on  weather  decks 
of  DD  593,  Shots  Wahoo  and  Umbrella.  Vertical  bars  in¬ 
dicate  estimates  of  probable  error. 
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TIME  tFTER  SHOT  SEQ 

Figure  3.7  Ratios  of  dose  in  compartments  to  average  dose  on  weather  decks 
of  DD  474,  Shot  UmbreUa.  Vertical  bars  indicate  estimates  of  probable  error. 


CONFIDENTIAL 


TIME  AFTER  SHOT  (SEC) 

Figure  3.8  Ratios  of  dose  in  compartments  to  average  dose  on  weather  decks 
of  DD  592,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 
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Figure  S.IO  Ratios  of  dose  in  compartments  to  average  dose  on  weather  decks 
of  DD  592,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 
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TIME  AFTER  SHOT  (SEC) 
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Figure  3.12  Ratios  of  dose  in  compartments  to  average  dose  on  weather  decks 
of  DD  592,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 
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Figure  3.14  Ratios  of  dose  in  compartments  to  average  dose  on  weather  decks 
of  DD  592,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 


DOSE  RATIO  (COMPARTMENT/DECK  AVERAGE) 


Figure  3.15  Ratios  of  dose  in  compartments  to  average  dose  on 
weather  decks  of  DD  593,  Shot  Umbrella.  Vertical  bars  indicate 
estimates  of  probable  error. 


50 


CONFIDENTIAL 


DOSE  RATIO  (COMPARTMENT/DECK  AVERAGE) 


TIME  AFTER  SHOT  (SEC) 


Figure  3.16  Ratios  of  dose  in  compartments  to  average  dose  on 
weather  decks  of  DD  593,  Shot  Umbrella.  Vertical  bars  indicate 
estimates  of  probable  error. 
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Figure  3.17  Ratios  of  dose  in  compartments  to  average  dose  on  weather  decks 
of  DD  593,  Shot  Wahoo.  Vertical  bars  indicate  estimates  of  probable  error. 
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Figure  3.18  Ratios  o£  dose  in  compartments  to  average  dose  on  weather  decks 
of  DD  593,  Shot  Wahoo.  Vertical  bars  indicate  estimates  of  probable  error. 


f 


TIME  AFTER  SHOT  (SEC) 

Figure  3.19  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  474,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  eri 


dose  rate 


TIME  AFTER  SHOT  (SEC) 

Figure  3.21  Ratios  oi  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  474,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  err' 


DOSE  RATE  RATIO  (COMPARTMENT/DECK  AVERAGE) 


Figure  3.22  Ratios  of  dose  rate  in  compartments  to  average  dose 
rate  on  weather  decks  of  DD  474,  Shot  Umbrella.  Vertical  bars 
indicate  estimates  of  probable  error. 
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Figure  3.24  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  592,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 
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Figure  3.25  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  592,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 
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Figure  3.27  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  592,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 
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Figure  3.28  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  592,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 
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DOSE  RATE  RATIO  (COMPARTMENT/DECK  AVERAGE) 


TIME  AFTER  SHOT  (SEC) 

gure  3.30  Ratios  of  dose  rate  in  compartments  to  average  dose 
te  on  weather  decks  of  DD  593,  Shot  Umbrella.  Vertical  bars 
licate  estimates  of  probable  error. 


65 


CONFIDENTIAL 


Figure  3.31  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  593,  Shot  Umbrella.  Vertical  bars  Indicate  estimates  of  probable  error. 
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TIME  AFTER  SHOT  (SEC) 

Figure  3.32  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  593,  Shot  Umbrella.  Vertical  bars  indicate  estimates  of  probable  error. 
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TIME  AFTER  SHOT  (SEC) 

Figure  3.33  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  v/eather 
decks  of  DD  593,  Shot  Wahoo.  Vertical  bars  indicate  estimates  of  probable  error. 
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TIME  AFTER  SHOT  (SEC) 

Figure  3.34  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  593,  Shot  Wahoo.  Vertical  bars  indicate  estimates  of  probable  error. 
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Figure  3.35  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  593,  Shot  Wahoo.  Vertical  bars  indicate  estimates  of  probable  error. 
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Figure  3.36  Ratios  of  dose  rate  in  compartments  to  average  dose  rate  on  weather 
decks  of  DD  593,  Shot  Wahoo.  Vertical  bars  indicate  estimates  of  probable  error. 


1 


decay  corrected  dose  rates  (R/HR  @  1  HR) 


1  10  10®  10^ 

TIME  AFTER  SHOT  (SEC) 

Figure  3.38  Decay-corrected  average  dose  rates 
on  weather  decks  of  DD  592,  Shot  Umbrella. 
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DECAY  CORRECTED  DOSE  RATES  (R/HR  @  1  HR) 


Figure  3.39  Decay-corrected  average  dose  rates 
on  weather  decks  of  DD  593,  Shot  Umbrella. 
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Figure  3.42  Gamma- Ionization  decay  of  contaminant  collected 
in  6-inch-thick  lead  cave  on  DD  592,  Shot  Umbrella. 
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Cliapter  4 


CONCLUSIONS  AND  RECOMMENDATIONS 


\4.1  CONCLUSIONS  _ 

The  project  had  only  limited  success  in  meeting  its  objectives  for  Shot  Wahoo,  but  met  most 
of  its  objectives  for  Shot  Umbrella.  The  conclusions  are  meant  to  apply  only  to  the  specific  test 
conditions  and  radiological  environments  encountered  aboard  the  moored  and  washed  target  ships. 

4rL:t-  Total  Gamma  Radiation  Aboard  Target  Shtps.V^The  gamma  radiation  data  Indicated 
rapid  rates  of  change  with  time  after  burst,  and  dependence  upon  distance  from  surface  zero. 
These  characteristics  are  summarlzed4»-T-ftble-4.Plior  the  washed  weather-deck  areas.  After 
Shot  Wahoo,  the  wjeather-deck  doses  accumulated  more  slowly  but  eventually  reached  values 
on  the  order  of  300  r  higher  than  for  Shot  Umbrella,  even  though  the  ships  were  from  1,000  to 
2j000  feet  farther  from  surface  zero^ 

For  nuelear-Weapon-d‘['’YP*~ii*~*7*^**''’*‘’  simulated  by  the  two  closer-in  ships,  temporary  j 
Imnmbm.zatlUh  cb^ci  resmt  in  letml  or  n^ar-letllal  doses.  After  Shot  Wahoo,  the  majority  of  ( 
mpmS^tments  received  doses  in  Excess  m  500  »  aboard  DD  474  |and  in  excels  of  200  n^board  ^ 

/'DI)'592./  After/shot  Umprella,  y!e  two  ^Ips  received  poses  in  excess  of  2Qb  r  in  many  com-  \ 


p^tme^ts.  I  }  t  I  I  / 

/  Ratios  of  «se  or  ilse  rate^  com^rtments  to  dose  or  dose  rate  on  the  weather  dec^s  wei4 
dependent  upon  chanMS  in  rai^latlon-jBOurce  seometr/es  and  upon  the  presence  of  cont^inants 
msi^  the  snips.  Riyone  instance  a  jflose-rate  ratio  ^hanged  by  a  factor  of  1,000  withla  28  min-  y 
uteel  The  long-term  dose  /atlos  ranged  tetween  0;36  and  0.63^for  nonmachinery  compartments 
I  on  pr  abovfe  the  main  deck/  between  0.14  ^nd  0.46  ior  other  nonmachinery  compartmjents,  be- 
tween  O.OS  and  0.20  for  imchine^  spaces  above  tjie  waterline,  and  between  0.02  and  <i.07  for 
machinery  spaces  below/he  watOrline.  / 


kemote-Source  Gamma  Radlatiom  For  the  washed  weather-deck  areas,  the  observed 
total  radiation  can  adequately  represent  th'^^iemote- source  radiation  during  the  first  10  minutes 
after  the  shots.  iU  feast  95  and  98  sezneBt-of  the  total  dose  on  the  washed  decks  was  attributed 
ta^radiatlon  from  airborne  radloacuvity  lor  Shots  Umbrella  and  Wf hoo,  respectively* 

On^DD  474  nnd  DD092,  a  ypry-earjy  radiation  peak  was  obserwd  between  0.5  an^  seSon^ 
aftep'Shot  Ummelia  buytte  doie  from  this)  effect  wasyhegllgible,  /.  e. ,  less  y*inij0jM-r;  /No 
daJA  was  avaUaUe  to  iMcate  AvJ(«her  simil^^very-^arhr  radiatipnjyas  reselyBfrnfftr 'aot/ 
Vfahpo,  Thafp^as  ^parentlymo  correl^j^m  of  dose^irme  data^JtljJ«»ffi5e^ejr&E(-tj(nm/Te- 
lattonshlp  oMhe  plume.  _^.^— ***^* 


^Total  Gamina  Rariiatinn  la  Adjacent  Wnter^^eterroination  of  underwater  ^gamn 


■ation  was  not  successful;  data  was  obtained  only  for^lD  593  after  Shot  UmljceUa.  \ 

Contaminated  water  adjacent  to  the  ship  did  not  contribiite-sigiittldantiy  to  the  total  radiation 
observed  aboard  DD  593  after  Shot  Umbrella.  IndtriScl  evidence  suggests  that,  although  radia¬ 
tion  from  the  water  may  have.affeetetl  the  compartment/deck  dose-rate  ratios  to  a  considerable 
degree  at  latef, limes,  the  contribution  of  contaminated  water  to  the  total  dose  observed  aboard 
the  target  ships  was  probably  of  little  significance.^^  \ 
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4.2  RECOMMENDATIONS 


1.  It  is  recommended  that  the  data  from  all  Operation  Hardtack  Program  2  projects  be 
analyzed  and  correlated.  This  Is  required  to  serve  as  a  basis  for  an  operational  analysis  to 
determine  safe  standoff  distance  for  antisubmarine  warfare  delivery  of  nuclear  weapons  under 
Operation  Hardtack  underwater-detonation  conditions. 

2.  It  is  further  recommended  that  additional  high-explosive  or  nuclear  detonations  be  studied 
under  other  detonation  conditions.  This  is  required  to  estimate  radiological  effects  for  other 
possible  weapon  detonation  conditions. 

TABLE  4,1  SUMMARY  OF  GAMMA  RADIATION  DATA  FOR  WASHED  WEATHER  DECKS 


Ship 


Distance  from  24-Hour 
Surface  Zero  GITR  Dose 


24-Hour 
Film  Dose 


First  Major  Peak 
Dose  Rate  and 
Time  Aftei*  Shot 


Time  After  Shot  to  Accumulate 
Dose  of 

50  r  200  r  450  r  600  r 


ft 

r 

r 

rAr 

sec 

sec 

sec 

sec 

sec 

Shot  Umbrella: 

DD  474 

1,900 

806 

— 

550,000 

21.5 

18.9 

20.7 

22.6 
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Appendix  A 
GITR  INSTRUMENT 


Instruments  to  record  gamma  radiation  as  a  function  of  time  had  been  developed  and  used  during  previous 
field  operations  (Refei’ences  3  and  4).  However,  this  earlier  instrumentation  was  entirely  unsuitable  for 
use  during  Operation  Hardtack,  wherein  high  time  resolution,  wide  radiation-intensity  ranges,  improved 
detector  geometry,  simplified  and  unattended  operation,  ru^ed  watertight  performance ,  and  improved 
capability  for  data  reduction  were  required.  These  requirements  were  the  basis  for  the  development  of 
the  GITR  Model  103  (Figures  A.1  and  A.2). 

The  instrument  developed  W2^  a  dose-incrcment  recorder  consisting  of:  (1)  two  concentric  ionization 
chambers  with  recycling  electrometers,  (2)  m^netic-tape  recorder,  (3)  mechanical  timer,  and  (4)  control 
circuit  and  battery  power  supply  (Figure  A.3).  These  components  were  packaged  in  a  watertight  aluminum 
case  21  by  16  by  13  inches  in  size  and  had  an  overall  weight  of  55  pounds.  The  externally  mounted  detector 
unit  was  connected  to  the  main  instrument  assembly  by  means  of  a  watertight  cable.  Optionally,  the  de¬ 
tector  could  be  plugged  into  the  main  instrument  assembly  within  the  case  itself. 


A.l  DETECTOR  UNIT 

The  detector  consisted  of  a  low-rai»ge  ionization  chamber  constructed  around  a  high-range  ionization 
chamber,  with  each  chamb^.*  connected  to  a  recycling  electrometer  circuit  (Figure  A. 4).  The  recycling 
electrometer  consisted  of  CK  5886  electrometer  tube  connected  as  a  cathode-coupled  blocking  oscillator 
with  the  interelcctrode  capacity  of  the  ionization  chamber  in  the  first  grid.  Initially,  the  ionization  cham¬ 
ber  was  charged,  and  the  voltage  on  the  first  grid  was  below  the  predetermined  triggering  level  of  the 
electrometer.  Ionizing  radiation  discharged  the  chamber  and  caused  a  positive  voltage  shift  on  the  first 
grid.  When  a  predetermined  volt^e  level  was  reached,  the  circuit  was  triggered  and  generated  a  pulse 
of  fixed  amplitude  at  the  cathode.  The  pulse  caused  the  first  grid  to  conduct  and  to  transfer  a  constant, 
predetermined  charge  to  the  chamber.  Simultaneously,  the  pulse  was  recorded  on  magnetic  tape.  The 
pulse  terminated  at  the  cathode  in  approximately  500  ^sec,  and  the  tube  was  left  nonconducting  with  a 
negative  voltage  on  the  first  grid,  thus  completing  the  cycle. 

The  gamma-dose  increment  required  to  discharge  the  ionization  chamber  was  directly  proportional  to 
the  amount  of  charge  transferred  to  the  chamber  (Figures  B.l  and  B.2,  Appendix  B).  The  charge  trans¬ 
ferred  during  each  cycle  was  constant  but  dependent  upon  the  triggering  level  of  the  electrometer,  which 
was  controlled  by  the  adjustable  bias  voltage  of  second  grid.  Calibration  of  detectors  was  achieved 
by  adjustment  of  the  bias  voltage  until  a  predetermined  dose  increniont  caused  the  electrometer  to  cycle 
(Appendix  B).  The  calibration  control  for  each  chamber  was  located  on  tlie  moistureproof  electrometer 
housing  attached  to  the  base  of  the  chamber  assembly. 

The  ionization  chambers  were  constructed  of  thin-walled  aluminum  spinnings  mounted  concentrically. 
Cylindrical  and  hemispherical  surfaces  were  used  wherever  possible  to  establish  optimum  voltage  gradi¬ 
ents  for  efficient  charge  collection.  The  chambers  were  filled  with  pure  argon  at  7.5  psi  and  sealed  by 
soft-soldering  techniques  over  nickel-plated  surfaces.  The  volumes  of  the  two  chambers  were  1,475  cc 
and  14.0  cc  for  the  low-range  and  high-range  chambers,  respectively.  The  sensitivity  ratio  of  1,000  be¬ 
tween  the  two  ranges  was  achieved  by  the  design  value  of  the  input  capacity  of  the  electrometer  circuits. 

A  lead-tin  filter  over  the  entire  outer  surface  of  the  detector  provided  reasonably  uniform  energy  response 
from  about  100  kev  to  2  Mev  (Figure  B.3). 


A.2  RECORDER  SYSTEM 

The  recording  medium  was  900-foot  lengths  of  instrumentation-quality  magnetic  tape  spooled  on  stand¬ 
ard  5-inch  reels.  The  tape  was  0.25  inch  wide  and  had  a  polyester  backing  0.001  inch  thick.  A  Brush 
Electronics  Company  BK  1303-1  three-channel  recording  head,  driven  to  tape  saturation,  recorded  uni¬ 
directional  pulses  on  the  tape.  The  maximum  usable  pulse  packing  was  400  bits  per  inch  of  tape.  Rc- 
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cording  intervals  of  12  hours  and  60  hours  were  used,  with  tape  transport  speeds  of  0.25  and  0,05  in/sec, 
respectively.  These  speeds  were  accurate  to  ±2  percent  for  the  entirc'rccording  interval.  Both  recorders 
were  of  identical  construction  with  the  exception  of  the  drive  motors.  A  single  6.7-volt  mercury-battery 
stack  having  a  capacity  of  14,000  ma-hr  powered  each  recox'der.  The  12-hour  recorder  was  driven  by  a 
2-watt  motor  operating  at  a  speed  of  6,000  rpm  and  regulated  by  a  centrifugal  governor.  A  0.75-watt, 
chronometrically  governed  motor  rotating  at  900  rpm  operated  the  60-hour  recorder.  Both  recorders 
utilized  gear  reduction  and  worm-gear  drive.  The  tape  was  guided  in  the  conventional  manner.  Metal 
friction  plates  on  Uie  feed  spindle  established  an  average  tape  tension  of  about  4  ounces.  Contacts  on  the 
recorder  turned  off  the  instrument  when  a  conductive  section  of  tape  at  the  end  of  the  reel  passed  over 
them  to  cause  a  circuit  closure.  Both  recorders  were  developed  at  U.S.  Naval  Radiological  Defense  Lab¬ 
oratory  (NRDL)  in  conjunction  with  the  Precision  Instruments  Company,  San  Carlos,  California. 

The  dose  increments  chosen  for  the  low-  and  high-range  ionization  chambers  were  0.243  mr  and  0.243 
r,  respectively.  At  the  maximum  intensitj^  of  eajch  range,  the  maximum-usable  pulse  packing  on  the  tape 
limited  the  recyclii^  rate  of  the  electrometer  to  100  cps  (87,500  r/hr)  for  the  12-hour  recording  interval 
and  to  20  cps  (17,500  r/hr)  for  the  60-hour  interval.  These  dose  increment  and  dose-rate  values  apply 
only  to  the  particular  detector  orientation  and  gamma  energj'  chosen  for  the  calibration  (Appendix  B). 

As  radiation  data  was  recorded  on  the  t^vo  channels  of  Uie  three-channel  tape,  bits  were  recorded  on 
the  third  channel  at  3.75-second  intervals  to  establish  a  time  reference  for  data  reduction.  The  time  bits 
were  generated  by  a  cam-operated  switch  driven  by  a  low-power,  6-volt,  direct-current,  chronometrically 
governed  motor.  The  accuracy  of  these  pulses  was  ±0.5  percent.  The  timer  was  manufactured  by  the 
Haydon  Company  and  was  used  becmise  of  its  known  accuracy  and  high  reliability. 

The  function  of  the  control  circuit  was  to  start  and  to  turn  off  the  instrument.  Power  to  all  the  motors 
and  to  the  filaments  was  controlled  by  means  of  a  latching  relay.  This  relay  could  be  activated  locally  by 
a  switch  on  the  instrument  or  remotely  by  a  contact  closure  through  a  cable  into  the  instrument.  The  in¬ 
strument  could  be  turned  off  by  deactivation  of  tlie  relay  with  the  switch  on  the  instrument  or  by  the  tape- 
actuated  turnoff  switch  on  the  recorder. 

Mercury  batteries  were  used  to  power  the  motors  and  the  filaments  in  order  to  take  advantage  of  the 
high  current  edacity  and  flat-discharge  characteristics  these  batteries  offer.  In  addition,  a  mercury 
battery  with  very-low  current  drain  was  used  in  the  electrometer-calibration  circuit  to  restrict  calibration 
shift  to  less  than  ±1  percent  during  the  expected  life  of  the  battery.  Chamber  bias  and  transistor  bias 
were  supplied  by  carbon  batteries.  With  the  exception  of  the  motor  battery,  the  minimum  battery  life  was 
in  excess  of  250  hours.  However,  the  12-hour  recorder  could  be  operated  in  excess  of  26  hours  and  the 
60-hour  recorder  in  excess  of  80  hours  without  a  battery  change. 

A.3  DESIGN  LIMITS  FOR  OPERATION 

All  components  were  designed  to  operate  under  the  following  maximum  conditions:  (1)  a  shock  of  15  g 
at  11  m«cc  fn  all  planes,  (2)  vibrations  of  12  g  at  frequencies  up  to  45  cps  in  aU  planes,  (3)  temperature 
within  the  detector  of  120  degrees  F,  (4)  temperature  within  the  main  instrument  assembly  at  155  degrees 
F,  (5)  ambient  relative  humidity  of  100  percent,  and  (6)  a  static  overpressure  of  5  psi.  During  the  opera¬ 
tion,  satisfactory  performance  beyond  these  limits  was  frequently  observed. 


A.4  SHOCK  MOUNTING 

The  GITR  instruments  were  installed  throughout  the  three  target  ships.  Because  of  the  hi^  shock  ex¬ 
pected  on  these  platforms,  all  instruments  were  shock  mounted  for  approximately  6  inches  of  deflection. 

An  eight-point  suspension  from  steel  springs  in  lines  through  the  center  of  gravity  of  the  instrument  was 
used  to  support  the  main  instrument  assembly.  The  natural  frequency  of  the  suspension  was  about  5  cps. 
The  detector  unit  was  supported  from  four  springs  in  a  horizontal  plane  through  the  center  of  gravity  of 
the  unit.  The  suspension  had  a  natural  frequency  of  7  cps  and  allowed  5  inches  of  deflection. 

A.5  REMOTE-STARTING  CIRCUIT 

The  limited  recording  time  of  the  instruments  and  the  requirement  for  unattended  operation  necessitated 
remote  triggering  of  the  instrument  installations.  A  shipboard  system  was  designed  to  meet  this  require¬ 
ment  (Figure  A.5).  The  system  consisted  of  the  EG&G  tone  receiver  and  minus-5-minute  relay,  which  was 
connected  to  the  project  control  panel  and  relay  system.  The  relay  system  consisted  of  latching  relays, 
which  were  spaced  throughout  the  ship.  When  activated  by  the  timing  signal,  each  latching  relay  started 
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as  many  as  tour  GITR  instruments.  The  project  control  panel  recorded  the  receipt  ot  all  H-5-minute 
signals  and  could  manually  be  set  to  lock  out  the  EG&G  signal  or  arm  the  project  relay  system  and  to  re¬ 
set  all  project  relays.  The  triggering  systems  were  similar  on  the  three  target  ships. 
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Control  Circuit 


Magnetic  Tope 
Recorder 


b,  high-range  channel;  c,  time. 


Recorder  Assembly 


Figure  A. 5  Block  diagram  of  GITR  triggering  system  for 
target  ships.  Each  relay  starts  four  GITR  instruments 
(reference  LBNS  drawing  No.  474  401  1586967  for  details). 
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Appendix  B 


GITR  CALIBRATION 


B.l  BIASED- FIELD  CALIBRATIONS 

AH  instruments  were  initially  calibrated  at  NRDL  witii  Co®®  sources  accurate  to  within  3  percent.  All 
calibrations  were  made  witli  a  standai'd  orientation;  the  longitudinal  axes  of  the  deteclor  and  the  radialiun 
beam  were  parallel,  and  the  electrometer  housing  faced  away  from  the  source.  In  this  orientation,  dose 
increments  of  0.243  mr  and  0.243  r  were  established  for  the  low-  and  high-range  chambers,  respectively. 
The  linearity  of  the  detector  had  been  checked  over  a  wide  range  of  gamma  intensities  and  is  shown  in 
Figures  B.l  and  B.2. 

To  assui'e  optimum  reliability  and  £U3Curacy  in  the  data,  each  detector  was  recalibrated  in  the  field, 
before  and  after  each  shot,  with  the  120-curie  source  installed  in  the  project’s  instrumentation 
trailer.  This  source  was  standardized  to  the  Co®®  sources  by  means  of  the  Victoreen  70-A  r-meter  and 
various  calibrated  chambers.  To  assure  maximum  reproducibility  of  calibration,  a  jig  was  fabricated  to 
control  positioning  of  all  detectors  in  the  radiation  beam.  For  personnel  protection,  tlie  beam  was  directed 
vertically  through  the  roof  of  the  trailer.  A  calibration  radiation  field  of  56.4  r/hr  was  used  for  the  adjust¬ 
ment  of  the  detector  output-pulse  periods  to  0.016  and  15.5  seconds  for  the  low-range  and  the  high-range 
channels,  respectively.  The  low-range-channel  pulse  period  of  0.016  second  (instead  of  the  e:q>ectcd  value 
of  0.0155  second  to  give  0.243  mr)  compensated  for  the  0.0005-second  recycling  time  of  the  circuit.  The 
calibration  radiation  field  was  too  low  to  require  a  similar  compensation  for  the  high-range  chamber. 

It  was  estimated  that  all  field  calibrations  were  made  with  a  precision  of  about  iZ  percent.  Upon  re¬ 
calibration  following  an  event,  the  random  shifts  in  calibration  were  noted  to  be  about  ±3  percent.  Eval¬ 
uation  of  all  phases  of  instrument  operation  indicated  that  the  relative  precision  of  almost  all  detectors 
was  about  ±7  percent  throughout  an  event.  However,  it  was  known  that  the  detector  orientation  used  for 
calibration,  and  chosen  because  it  assured  reproducibility,  biased  the  results  because  of  the  nonuniform 
directional  response  of  the  detectors.  Figures  B.3  and  B<4  show  the  results  of  pretest  studies  of  energy 
response  and  directional  response  characteristics. 

B.2  CORRECTIONS  FOR  CALIBRATION  BIAS 

After  Operation  Hardtack,  a  more-extensive  investigation  of  GITR  directional  characteristics  as  a 
function  of  energy  was  undertaken  at  NRDL  for  three  conditions:  (1)  detector  in  the  aluminum  jacket, 
representing  interior  GITR  stations;  (2)  detector  inside  the  aluminum  drum,  representing  exterior  GITR 
stations;  and  (3)  detector  mounted  inside  the  recorder  case.  Figure  B.5  and  Tables  B.l  through  B.6  show 
the  results  in  relationship  to  the  biased  field-calibration  condition.  The  actual  responses  of  the  shielded 
detectors  (simulating  the  station  mountings)  to  the  several  monoenergetic  gamma-radiation  beams  for 
various  detector  orientations  were  divided  by  the  responses  of  the  unshielded  detectors  to  Cs^®^  radiation 
beamed  at  the  top  of  the  detector  (the  biased  field-calibration  responses). 

The  directional  responses  indicated  above  were  used  to  calculate  integrated  responses  to  four  idealized 
radiation-source  geometries:  (1)  horizontal  radiation  incidence,  simulating  remote  pretransit  radiation; 

(2)  hemispherical  radiation  source  alx>ve  station,  simulating  the  transit  phase;  (3)  spherical  radiation 
source  around  station,  simulating  interior  stations  affected  by  radiation  from  both  the  overhead  decks  and 
adjacent  water;  and  (4)  radiation  source  presenting  solid  angle  of  I.T-tt  steradxans  below  station,  simulatii^ 
exterior  stations  exposed  only  to  contaminated  decks  and/or  adjacent  water.  Figures  B.6  through  B.9  show 
these  integrated  responses  in  relationship  to  the  biased  field-calibration  condition.  However,  these  values 
apply  only  for  monoenergetic  radiation  sources. 

In  the  absence  of  measured  gamma-energy  spectra  for  these  shots,  the  sensitivity  of  calculated  correc¬ 
tion  factors  to  various  assumed  spectra  was  investigated.  Six  un-degraded  energy  spectra  for  various 
times  after  fission  were  considered:  9-second  and  6.8-minute  spectra  from  Reference  10;  a  31- minute 
spectrum  from  Reference  12;  1.1-  and  5.2-hour  spectra  from  Reference  13;  and  a  9-honr  spectrum  from 
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Reference  14.  Degradation  of  these  six  spectra  l>y  penetration  of  about  1  inch  of  steel  was  also  estimated 
as  follows. 

An  unattenuated  gamma-energy  spectrum  (broken  into  n  energy  intervals)  has  an  average  energy  flux 
of  Uj  Mcv/cnr-sec  for  the  jth  energy  interval  Dj  Mev  wide.  After  attenuation  by  x-cm  of  steel  the  energy 
flux  from  the  jth  energy  interval  has  been  reduced  to  UjBj  exp  (— ux),  assuming  plane  monocUi'ectional  ra¬ 
diation  for  simplicity;  where  Bj  is  an  energy-buildup  factor  determined  by  cross-interpolation  in  Reference 
11,  and  u  is  the  total  absorption  coefficient  per  centimeter  of  steel  (at  the  energy  representative  of  the  jth 
interval)  determined  from  Reference  15.  To  reduce  the  computational  complexity,  it  was  assumed  that 
(for  energy  originating  in  the  jth  energy  interval)  the  attenuated  energy  flux  per  unit  energy  interval  be- 

j 

came  uniformly  distributed  over  the  interval  B  .  This  assumption  biases  the  results  somewhat  by  over- 

1 

emphasizing  the  low  energies  (Figure  B.IO).  The  energy  flux  for  the  pth  intervals  (p^j),  originating  from 
the  jth  interval,  is  represented  by 


UjBj  ejq)  (— ux) 


(B.l) 


Summing  all  of  tlie  attenuated  and  degraded  energy  flux  (Ap)  for  the  pth  energy  interval,  originating  from 
all  intervals  that  can  contribute  to  it.  results  in 


(B.2) 


An  example  of  the  effect  of  this  assumed  degradation  on  one  of  the  assumed  gamma-energy  spectra  is  pre¬ 
sented  in  Figure  B.ll. 

The  energy  flux  for  each  of  the  energy  intervals  of  the  twelve  energy  spectra  (six  original  and  six  de¬ 
graded)  was  converted  to  an  equivalent  dose  rate  by  using  conversion  factors  determined  from  Reference 
15.  These  dose  rates  were  used  to  calculate  percent  dose-rate  contributions  from  energy  intervals  repre¬ 
sentative  of  the  energies  at  which  the  integrated  detector  responses  had  been  calculated  (Tables  B.7  and 
B.8).  These  percentages  were  used  as  weighting  factors  applied  to  the  data  of  Figures  B.6  through  B,9, 
thereby  obtaining  the  overall  responses  to  the  assumed  spectra  in  relationship  to  the  biased-field- 
calibration.  GITR  bias-correction  factors  were  obtained  by  averaging  the  reciprocals  of  the  weighted 
integrated  responses  to  the  assumed  energy  spectra  for  the  various  idealized  radiation-source  geometries 
(Table  B.9), 
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TABLE  B.l  DIRECTIONAL  RESPONSE  OF  LOW-RANGE 

GITR  DETECTOR  (INSIDE  0.13-INCH  ALUMINUM 
DRUM)  TO  BEAMS  OF  VARIOUS  RADIATIONS 

Values  are  comparisons  to  response  of  unshielded  detector  to 
Cs^^^  radiation  beamed  at  top  of  detector  (0  degree  orientation). 
Detector  and  drum  were  rotated  in  longitudinal  plane  about  cen¬ 
ter  of  detector.  Response  is  symmetrical  about  longitudinal 
axis  of  detector. 


Detector 

Orientation 

70-kev 

X-rays 

120-kev 

X-rays 

180-kev 

X-rays 

Cs™ 

Co“ 

deg 

0 

1.071 

0.894 

0,911 

0.949 

1.091 

22 

1.039 

0.930 

0.950 

0.958 

1.124 

45 

1.064 

0.992 

0.993 

0.953 

1.129 

67 

1.211 

1.095 

1.046 

0.956 

1.128 

90 

1.265 

1.124 

1.057 

0.947 

1.132 

101 

1.242 

1.114 

1.040 

0.936 

1.126 

112 

1.170 

1.058 

1.003 

0.912 

1.107 

123 

1.011 

0.965 

0.937 

0.892 

1.087 

135 

0.834 

0.840 

0.856 

0.854 

1.051 

146 

0.609 

0.693 

0.701 

0.796 

0.988 

157 

0.473 

0.317 

0.571 

0.507 

0.666 

180 

0.212 

0.292 

0.368 

0.561 

0.751 

TABLE  B.2  DIRECTIONAL  RESPONSE  OF  HIGH-RANGE 

GITR  DETECTOR  (INSIDE  0.i3-INCH  ALUMINUM 
DRUM)  TO  BEAMS  OF  VARIOUS  RADIATIONS 

Values  are  comparisons  to  response  of  unshielded  detector  to 
Cs^^^  radiation  beamed  at  top  of  detector  (0  degree  orientation). 
Detector  and  drum  were  rotated  in  longitudinal  plane  about  cen¬ 
ter  of  detector.  Response  is  symmetrical  about  longitudinal 

a.\is  of  detector. _ 

Detector  70-kev  120-kev  180-kev  Co^® 

Orientation  X-rays  X-rays  X-rays _ 

deg 


0 

0.985 

0.828 

1.000 

1.056 

1.132 

22 

0.987 

0.912 

1.110 

1.144 

1.262 

45 

0.986 

0.972 

1.152 

1.146 

1.281 

67 

1.197 

1.142 

1.259 

1.163 

1.314 

90 

1.289 

1.217 

1.309 

1.171 

1.336 

101 

1.245 

1.222 

1.296 

1.167 

1.344 

112 

1.189 

1.199 

1.277 

1.162 

1.350 

123 

1.034 

1.089 

1.173 

1.117 

1.303 

135 

0.823 

0.954 

1.041 

1.042 

1.255 

146 

0.684 

0.826 

0.893 

0.943 

1.182 

157 

0.444 

0,774 

0.763 

0.848 

0.720 

180 

0.125 

0.228 

0.252 

0.297 

0.530 
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TABLE  B.3  DIRECTIONAL  RESPONSE  OF  LOW-RANGE  GITR  DETECTOR 
(WITH  0.13-lNCH  ALUMINUM  JACKET)  TO  BEAMS  OF 
VARIOUS  RADIATIONS 

Values  are  comparisoi^  to  response  of  unshielded  detector  to  Cs**^  radiation 
beamed  at  top  of  detector  (0  degree  orientation).  Detector  was  rotated  about 
its  center  in  longitudinal  plane.  Response  is  symmetrical  about  longitudinal 
axis  of  detector . 


Detector 

Orientation 

70-kev 

X-rays 

120-kev 

X-rays 

180-kev 

X-rays 

Co“ 

Detector 

Orientation 

deg 

deg 

0 

1.012 

0.902 

0.884 

1.088 

0 

0.958 

10 

0.958 

22 

0.989 

0.940 

0.907 

1.102 

20 

0.964 

30 

0.982 

45 

1.030 

1.006 

0.957 

1.115 

40 

0.994 

50 

1.000 

60 

1.019 

67 

1.156 

1.106 

1.005 

1.123 

70 

1.013 

80 

1.013 

90 

1.211 

1.137 

1.018 

1.120 

90 

1.019 

101 

1.186 

1.112 

1.005 

1.112 

100 

1.013 

112 

1.122 

1.082 

0.974 

1.102 

110 

1.006 

123 

1.041 

1.016 

0.934 

1.093 

12C 

0.994 

135 

0.918 

0.923 

0.872 

1.070 

130 

0.97G 

146 

0.750 

0.795 

0.805 

1.027 

140 

0.941 

150 

0.884 

157 

0.582 

0.639 

0.666 

0.953 

160 

0.788 

170 

0.648 

180 

0.204 

0.357 

0.415 

0.819 

180 

0-637 

TABLE  B.4  DIRECTIONAL  RESPONSE  OF  HIGH-RANGE  GITR  DETECTOR 
(WITH  0.13-lNCH  ALUMINUM  JACKET)  TO  BEAMS  OF 
VARIOUS  RADIATIONS 

Values  are  comparisons  to  response  of  unshielded  detector  to  Cs^^^  radiation 
beamed  at  top  of  detector  (0  degree  orientation).  Detector  was  rotated  about 
its  center  in  longitudinal  plane.  Response  is  symmetrical  about  longitudinal 


axis  of  detector. 

Detector 

Orientation 

70-kev 

X-rays 

120-kev 

X-rays 

180-kev 

X-rays 

Oo" 

Detector 

Orientation 

Cs*” 

deg 

deg 

0 

0.907 

0.826 

0.952 

1.090 

0 

0.968 

10 

1.103 

22 

1.038 

0.947 

1.103 

1.223 

20 

1.152 

30 

1.176 

45 

1.023 

0.976 

1.145 

1.250 

40 

1.192 

50 

1.204 

60 

1.226 

67 

1.210 

1.139 

1.245 

1.281 

70 

1.240 

80 

1.257 

90 

1.295 

1.213 

1.283 

1.301 

30 

1.264 

101 

1.198 

1.159 

1.253 

1.302 

100 

1.272 

112 

l.lGl 

1.164 

1.253 

1.314 

110 

1.288 

123 

1.138 

1.153 

1.199 

1.308 

120 

1.276 

135 

0.840 

1,023 

1.093 

1.289 

130 

1.249 

146 

0.781 

0.919 

0.985 

1.250 

140 

1.209 

150 

1.111 

157 

0.709 

0.814 

0.854 

1.133 

160 

0.911 

170 

0.590 

180 

0.164 

0.282 

0.298 

0.467 

180 

0.274 
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TABLE  B.5  DIUECTIONAL  RESPONSE  OF  LOW-RANGE 
DETECTOR  (MOUNTED  INSIDE  GITR  CASE) 

TO  BEAMS  OF  VARIOUS  RADIATIONS 

Detector  and  case  were  rotated  in  three  longitudinal  planes  (45 
degi'ees  apart)  about  center  of  detector.  The  three  responses 
for  each  latitudinal  migle  were  averaged  and  compared  to  response 
of  unshielded  detector  to  Cs*®^  radiation  beamed  at  top  of  detector 

(0  degree  orientation). _ 

Detector  70-kev  120-kev  180~kev  cgl37 

Orientation  X-rays  X-rays  X-rays _ " 

deg 


0 

1.055 

0.830 

0.769 

0.936 

1.095 

22 

0.382 

0.823 

0.767 

0.963 

1.115 

45 

0.977 

0.861 

0.783 

0.979 

1.115 

6? 

1.080 

0.933 

0.807 

0.992 

1.113 

90 

1.189 

0.973 

0.830 

1.019 

1.136 

101 

1.165 

0.959 

0.821 

1.009 

1.131 

112 

0.974 

0.826 

0.737 

0.947 

1.083 

123 

0.703 

0.633 

0.624 

0.869 

1.021 

135 

0.421 

0.486 

0.506 

0.783 

0.955 

146 

0.240 

0.224 

0.324 

0.641 

0.846 

157 

0.057 

0.085 

0.139 

0.401 

0.579 

180 

0.031 

0.080 

0.105 

0.324 

0.490 

TABLE  B.6  DIRECTIONAL  RESPONSE  OF  HIGH-RANGE 
DETECTOR  (MOUNTED  INSIDE  GITR  CASE) 

TO  BEAMS  OF  VARIOUS  RADIATIONS 

Detector  and  case  were  rotated  in  three  longitudinal  planes  (45 
degrees  apart)  about  center  of  detector.  The  three  responses 
for  each  latitudinal  angle  were  averaged  and  compared  to  response 
of  unshielded  detector  to  Cs^®^  radiation  beamed  at  top  of  detector 
(0  degree  orientation). _ 


Detector 

Orientation 

70-kev 

X-rays 

120-kev 

X-rays 

180-kev 

X-rays 

Cb‘3’ 

Co" 

deg 

0 

0.955 

0.857 

0.926 

0.964 

1.079 

22 

1.034 

0.948 

1.024 

1.137 

1.208 

45 

0.945 

0.924 

1.011 

1.163 

1.223 

67 

1.165 

1.082 

1.103 

1.219 

1.265 

90 

1.274 

1.179 

1.147 

1.255 

1.290 

101 

1.196 

1.124 

1.111 

1.250 

1.316 

112 

0.996 

0.994 

1.015 

1.182 

1.292 

123 

0.615 

0.745 

0.796 

1.024 

1.159 

135 

0.358 

0.552 

0.638 

0.910 

1.076 

146 

0.221 

0.393 

0.495 

0.735 

0.936 

157 

0.053 

0.153 

0.235 

0.455 

0.646 

180 

0.024 

0.067 

0.084 

0.252 

0.286 

91 


CONFIDENTIAL 


TABLE  B.7  GAMMA  DOSE  RATES  CONTRIBUTED  BY  VARIOUS  INTERVALS  OF 
ASSUMED  GAMMA-ENERGY  SPECTRA 


See  Section  B.2  for  details. 


Energy  Interval 

Class 

Mark 

Dose  Rate  from  Energy  Interval 

9  sec  After  Fission 

7  min  After  Fission 

0.5  hr  After  Fission 

Original 

Spectrum 

Degraded 

Spectrum 

Original 

Spectrum 

Degraded 

Spectrum 

Original 

Spectiui'ii 

Degraded 

Spectrum 

Mev 

Mev 

pet 

pet 

pet 

pet 

pet 

pet 

0  to  0.09 

0.07 

0 

34.1 

0 

35.5 

0.7 

20.7 

0.09  to  0.15 

0.12 

0 

2.4 

0 

2.5 

0,3 

3.5 

0.15  to  0.37 

0.18 

0 

5.9 

0 

6.1 

4.8 

14.7 

0.37  tn  0.93 

0.66 

36.9 

34.8 

45.3 

36.6 

22.7 

32.2 

0.93  to  5.0 

1.25 

63.1 

22.8 

54.7 

19.3 

71.5 

28.9 

TABLE  B.8  GAMMA  DOSE  RATES  CONTRIBUTED  BY 
ASSUMED  GAMMA-ENERGY  SPECTRA 

See  Section  B.2  for  details. 

VARIOUS  INTERVAIB  OF 

Energy  Interval 

Mark 

Dose  Rate  from  Energy  Interval 

1.1  hr  After  Fission 

5.2  hr  After  Fission 

9  hr  After 

Fission 

Original 

Spectrum 

Degraded 

Spectrum 

Original 

Spectrum 

Degraded 

Spectrum 

Original 

Spectrum 

Degraded 

Spectrum 

Mev 

Mev 

pet 

pet 

pet 

pot 

pet 

pot 

0  to  0.09 

0.07 

12.9 

33.0 

30.1 

37.4 

0.6 

48.4 

0.09  to  0.15 

0.12 

0.4 

3.2 

1.1 

3.6 

2.6 

3.4 

0.15  to  0.37 

0.18 

3.9 

13.4 

5.3 

14.7 

5.6 

17.6 

0.37  to  0.93 

0.68 

28.5 

28.1 

34.5 

29.4 

60.1 

23.8 

0.93  to  5.0 

1.25 

54.3 

22.3 

30.0 

14.9 

31.1 

6.8 

TABLE  B.9  GITR  BIAS-CORRECTION  FACTORS 

Tolerance  half-intervals,  covering  95  percent  of  the  population  with  95  per- 
cent  confidence,  are  shown  in  parentheses  as  percentages  of  the  factors. 

Appropriate  Period  of  Application  Relative 
Type  of  GITR  Installation  to  Envelopment  of  Ship  by  Base  Surge 

_ Before _ During _ Afterward 

Low-Range  Chamber: 


Standard  exterior  station 

0.94 

(14%) 

0.94 

(11%) 

1.03 

(13%) 

Standard  interior  station 

0.91 

(5.5%) 

0.94 

(3.3%) 

0.97 

(4.7%) 

Detector  inside  recorder  case 

0.93 

(4.9%) 

0.97 

(7.8%) 

1.07 

(15%) 

Combined  average 

0.92 

(5.6%) 

0.95 

(0.1%) 

— 

High-Range  Chamber; 

Standard  exterior  station 

0.79 

(7.7%) 

0.81 

(9.4%) 

0.86 

(12%) 

Standard  interior  station 

0.78 

(1.0%) 

0.82 

(5.9%) 

0.84 

(9.2%) 

Detector  inside  recorder  case 

0.79 

(2.8%) 

0.84 

(8.5%) 

0.94 

(18%) 

Combined  average 

0.79 

(3.2%) 

0.83 

(6.9%) 

— 

92 


CONFIDENTIAL 


Figure  B.l  GITR  Model  103  low-range  detector  output  pulse  period 
as  a  function  of  gamma  intensity  for  Co^  and  The  longitudinal 

axes  of  the  detector  and  the  beam  were  parallel,  and  the  electronics 
housing  was  directed  away  from  the  source. 


Figure  B.2  GITR  Model  103  high-range  detector  output 
pulse  period  as  a  function  of  gamma  intensity  for  Co^® 
and  The  longitudinal  axes  of  the  detector  and  the 

beam  were  parallel,  and  tlie  electronics  housir^  was 
directed  away  from  the  source. 
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DETECTOR  ORIENTATION  (DEGREES) 
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I 


Figure  B.7  GITR  station  response  to  monoenergetic  racU~ 
ation  from  hemispherical  source  above  station  compared 
with  GITR  response  to  Cs^*’  radiation  beam  directed  ver¬ 
tically  at  top  of  bare  detector.  Symbols:  O  standard 
interior  station;  A  standard  exterior  station;  □  detector 
mounted  inside  GITR  case. 


Figure  B.8  GITR  station  response  to  monoenergetic  radi¬ 
ation  from  spherical  source  around  station  compared  with 
GITR  response  to  Cs*”  radiation  beam  directed  vertically 
at  top  of  bare  detector.  Symbols;  ©  standard  interior 
station;  A  standard  exterior  station;  □  detector  mounted 
inside  GITR  case. 
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DISTRIBUTION  FUNCTION, 


Fi({ure  .B.9  GITR  station  response  to  monoenergelic  radia¬ 
tion  from  source  presenting  solid  angle  of  1.7-Tr  steradians 
below  station  compared  with  GITR  response  to  Cs**^  radiation 
beam  directed  vertically  at  top  of  bare  detector.  Symbols; 

O  standard  interior  station;  ^  standard  exterior  station; 

0  detector  mounted  inside  GITR  case. 


Figure  B.10  Degraded  energy  distributions  of  monoenergetic  plane  monodirectional 
gamma  radiation  after  penetrating  iron.  Areas  under  curves  equal  1  Mev  of  energy. 
-Eq 

/  is  defined  by  I  /dE  s  i  Mev. 
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DISTRIBUTION  FUNCTION, 


Figure  B.ll  Estimated  degradation  of  gamma  energy  after  penetrating 
1  inch  of  steel.  Original  spectrum  from  Table  2,  NBS  5853  (31  min, 
slow  fission  of  ).  /  is  defined  by  J*/dE  =  1  Mev. 
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Appendix  C 


FILM-BADGE  DATA,  CALIBRATION,  AND  ESTIMATES  OF  ERRORS 


The  nominally  24-hour  gamma  doses  for  the  individual  film  badges  aboai'd  the  three  target  ships  for  both 
shots  arc  presented  in  Tables  O.i  through  C-19.  The  locations  of  the  film-badge  stations  in  the  various 
compartments  or  areas  are  pi'esented  in  Figures  C.l  through  C.19. 


C.l  CALIBRATION 

Calibration  exposures  of  film  badges  were  made  by  TU-6  on  their  calibration  range  at  EPG,  using  Co®® 
sources  of  known  strength  at  various  distances  and  for  various  e?q)osure  times.  Calculated  doses  were 
checked  by  means  of  a  Victoreen  r-meter.  At  EPG,  the  density  of  the  developed  film  was  read  by  means 
of  an  Eberline-Ai^us  densitometer  which  gave  digital  average-density  readings  for  a  fixed  Vig  by  inch 
area  of  the  film  originally  under  the  lead  strip.  A  film-density-versus-dose  plot,  used  for  preliminary 
results,  showed  that  there  was  considerable  scatter  in  the  data  about  the  interim  calibration  curve. 

Because  damage  to  the  film  emulsion — such  as  pinholes,  scratches,  v/aterspots,  and  the  like — would 
increase  light  transmission,  all  films  were  reread  at  NRDL,  using  a  Macbeth- Ansco  densitometer  which 
permitted  scanning  Vg-inch-diameter  areas,  in  order  to  find  the  maximum  density  of  the  film  originally 
under  the  lead  strip.  Standard  density  wedges  were  used  frequently  to  check  the  calibration  of  the  den¬ 
sitometer. 

According  to  Refei'ence  16,  characteristic  curves  of  film  density  versus  dose  for  gamma  rays  can  be 
obtained  wiUi  beta-ray  plaques  calibrated  with  film  to  indicate  an  equivalent  gamma  ray  exposure.  A 
group  of  sources  with  several  levels  of  activity  ^vlll  allow  a  complete  curve  to  be  reproduced  in  a  short 
period  of  time.  The  required  activity  is  low  and  sources  equivalent  to  many  curies  of  gamma  rays  can  be 
used  directly  in  the  laboratory  without  need  for  elaborate  shielding.  Sr®®-Y®®  beta-ray  sources  were  used 
to  establish  the  shape  of  tlie  characteristic  curve  for  the  film  used  by  this  project.  The  characteristic 
curve  for  Sr®®-Y®®  sources  was  then  normalized  to  give  a  good  fit  with  various  calibration  points  obtained 
by  use  of  Co®®  sources  both  at  NHDL  and  EPG.  This  normalized  characteristic  curve  was  used  as  the  final 
calibration  curve  from  which  the  film-badge  doses  presented  in  this  report  were  determined.  Only  the  re¬ 
sults  from  the  high-range  film  (DuPont  834)  are  presented,  because  many  inconsistencies  were  observed 
between  the  results  from  the  low-  and  high-rmige  fihns  (in  the  same  badge)  that  were  supposedly  exposed 
to  identical  doses. 


C.2  ESTIMATES  OF  ERROR 

Pairs  of  film  badges  were  mounted  at  all  stations,  except  that  four  badges  were  used  at  the  GITR  sta¬ 
tions-  In  order  to  investigate  random  errors  (not  bias),  the  percentage  difference  in  dose  for  each  film- 
badge  pair  was  calculated.  For  Shot  Wahoo  data,  the  average  percent  difference  for  276  film-bai^e  pairs 
was  7.7  A  0.5  percent  and  the  median  value  was  5.4  percent.  For  Shot  Umbrella  data,  the  average  percent 
diffeience  for  311  film-badge  pairs  was  2.3  ±  0.1  percent  and  the  median  value  was  1.6  percent.  The  lower 
values  for  the  Shot  Umbrella  data  reflect  improved  handling  and  processing  of  the  film  badges. 

The  standai’d  errors  of  the  film-badge  dose  averages,  expressed  as  percentages  of  the  average  dose  in 
a  compartment,  ai’e  sho^Yn  in  Table  C.20.  These  percentage  standard  errors  were  obtained  from  the  ex¬ 
pression:  100  C(  2  )/n  (n— 1)  \\4iere  x  is  the  individual  film-badge  dose ,  n  is  the  number  of 

film  badges,  and  jT  is  the  average  dose  in  the  compartment. 

All  calibration  films  which  had  been  closed  to  known-strength  Co®®  sources  (both  at  NRDL  and  EPG) 
were  used  to  investigate  the  difterences  behveen  the  “actual”  doses,  i.e. ,  calculated  or  measured  on  the 
calibration  range,  and  the  “assigned”  doses  (based  upon  use  of  film  densities  and  the  calibration  curve 
discussed  in  Section  C.l).  The  absolute  magnitudes  of  the  difference  between  the  two  doses  varied  from 
0  to  32  percent  of  the  assigned  dose  and  had  an  average  value  of  7  percent  in  the  10-to-l,000-r  dose  range 
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(which  is  the  rcconuiicnded  range  for  use  of  DuPont  834  film).  For  tlie  5-to-lO-r  dose  range,  the  assigned 
doses  averaged  about  35  percent  lower  than  the  actual  doses;  and  for  the  l-to-G-r  dose  range,  the  assigned 
doses  averaged  about  67  pei*eent  lower  thai\  the  actual  doses. 

Some  of  the  film  badges  were  in  compartments  that  were  both  hot  and  humid  for  long  periods  of  tin\e.  A 
cursox'y  investigation  of  temperature  and  humidity  effects  on  film-badge  calibration  was  performed  by  ex¬ 
posing  ten  film  badges  to  Co^  radiation  and  then  immersing  the  badges  for  24  hours  in  a  water  bath  at  150 
degrees  F  prior  to  film  development.  The  films  were  developed  from  3  to  14  days  after  exposure.  Using 
the  above-mentioned  calibration  curve  resulted  in  assigned  doses  which  averaged  about  12  percent  higher 
(and  varied  from  7  percent  lower  to  32  percent  higher)  than  the  actual  doses.  The  conditions  of  tJiis  inves¬ 
tigation  are  considered  to  have  been  more  severe  than  the  actual  conditions  encountered  by  the  film  badges 
aboard  the  test  ships. 

On  the  basis  of  the  above  chscussion  it  would  appear  reasonable  to  say  that  film-badge  dose  averages 
are  probably  accurate  to  within  20  percent  for  the  reconunended  dose  range  of  10  to  1,000  r,  and  are  prob¬ 
ably  accurate  to  within  a  factor  of  two,  i.e. ,  the  assigned  doses  are  presumably  too  low,  for  doses  lower 
than  10  r. 


TABLE  C.l  TWENTY-FOUR-HOUR  GAMMA  DOSES  IN  5-INCH  POWDER 
MAGAZINE  (THIRD  PLATFORM) 


Dose  in  roentgens. 


Film-Badge 

Station 

Shot  Wahoo 

Shot  Umbrella 

DD  474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

100 

285 

_ 

_ 

166 

80 

12.3 

274 

264 

63 

173 

80 

12.0 

101 

302 

201 

76 

16  S 

S3 

12.9 

308 

246 

63 

164 

90 

13.2 

102 

264 

189 

66 

164 

69 

8.3 

274 

250 

54 

170 

68 

8.0 

103 

321 

220 

53 

164 

91 

6.6 

321 

230 

53 

159 

87 

6.6 

104 

335 

178 

58 

155 

74 

12.0 

105 

550 

234 

70 

166 

77 

12.0 

106 

358 

170 

71 

164 

74 

12.3 

107 

400 

170 

72 

164 

72 

12.3 

TABLE  C.2  TWENTY-FOUR-HOUR  GAMMA  DOSES 
QUARTERS  (FIRST  PLATFORM) 

Dose  in  roentgens. 

IN  FORWARD 

Film-Badge 

Station 

Shot  Wahoo 

Shot  Umbrella 

DD474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

150 

775 

321 

134 

220 

151 

19.2 

775 

302 

102 

234 

155 

18.8 

151 

452 

366 

138 

269 

157 

19.5 

865 

383 

100 

274 

164 

20.7 

152 

>1,000 

597 

140 

296 

184 

24.2 

550 

441 

136 

269 

198 

24.5 

153 

>1,000 

597 

207 

308 

238 

33.0 

>  1,000 

666 

201 

375 

259 

32.7 

154 

>1,000 

805 

234 

350 

223 

29.2 

709 

730 

230 

358 

227 

29.9 

155 

>  1,000 

511 

173 

486 

246 

35.7 

709 

498 

166 

475 

242 

36.9 

100 
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TABLK  C.3  TWENTY-FOUR-HOUR  GAMMA  DOSES  IN  CREW*S  MESS 
(SECOND  PLATFORM) 


Dose  in  roentgens. 


Film-Badge 

Station 

Shot  WaRoo 

Shot  Umbrella 

DD  474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

200 

391 

159 

52.7 

115 

60 

7.6 

230 

123 

44.1 

110 

60 

7.6 

201 

441 

223 

44.9 

131 

69 

7.0 

242 

178 

55.1 

136 

70 

6.6 

202 

342 

234 

— 

164 

96 

11.7 

342 

207 

69.6 

166 

96 

11.5 

203 

613 

210 

88.8 

166 

66 

10.0 

835 

259 

72.3 

175 

63 

10.2 

204 

— 

— 

89.8 

22  V 

161 

17.1 

— 

246 

121 

227 

164 

17.4 

205 

582 

230 

75.2 

136 

71 

11.0 

207 

321 

153 

80.1 

138 

60 

11.7 

209 

493 

227 

71.7 

140 

72 

10.2 

211 

274 

223 

61.2 

138 

67 

10.7 

206 

709 

302 

— 

201 

126 

14.7 

208 

566 

213 

71.0 

207 

128 

15.9 

210 

>1,000 

259 

84.0 

207 

121 

15.6 

212 

687 

280 

66.3 

210 

115 

15.9 

TABLE  C.4  TWENTY-FOUR-HOUR  GAMMA  DOSES  IN 
AND  CHART  HOUSE  (02  LEVEL) 

Dose  in  roentgens. 

PILOT 

HOUSE 

Film-Badge 

Station 

Shot  Wahoo 

Shot  Umbrella 

DD  474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

250 

582 

328 

210 

315 

220 

28.5 

>1,000 

452 

204 

302 

210 

28.1 

251 

687 

430 

181 

358 

234 

26.5 

613 

475 

145 

350 

230 

26.8 

252 

524 

420 

210 

321 

175 

27.4 

566 

550 

164 

358 

184 

27.4 

253 

>1,000 

629 

153 

430 

213 

33.0 

>  1,000 

452 

153 

400 

234 

33.4 

254 

>  1,000 

613 

216 

335 

220 

32.0 

255 

>1,000 

430 

155 

358 

216 

31.3 

256 

865 

452 

210 

383 

210 

31.3 

257 

752 

463 

213 

358 

198 

29,2 

300 

613 

430 

204 

285 

220 

26.5 

511 

— 

195 

274 

223 

25.9 

301 

475 

597 

149 

264 

227 

30.9 

537 

475 

201 

234 

216 

30.6 

302 

>1,000 

709 

— 

366 

280 

29.9 

>1,000 

666 

161 

400 

259 

27.8 

303 

730 

666 

201 

400 

308 

39.5 

865 

524 

254 

420 

296 

40.2 

101 
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TABLE  C.5 


TWENTY-FOUR-HOUR  GAMMA  DOSES  IN  RADIO  CENTRAL 
(MAIN  DECK) 


Dose  in  roentgens. 


Film-Badge 

Station 

Shot  Wahoo 

Shot  Umbrella 

DD  474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

350 

498 

308 

130 

204 

141 

20.1 

430 

— . 

124 

— 

134 

19.8 

351 

805 

274 

121 

238 

153 

21.6 

410 

274 

126 

230 

143 

21.2 

352 

930 

383 

155 

213 

134 

18.0 

383 

328 

153 

216 

149 

17.7 

353 

>1,000 

550 

164 

383 

321 

35.7 

>1,000 

930 

170 

342 

335 

34.2 

354 

>1,000 

895 

192 

238 

220 

24.2 

687 

805 

181 

246 

230 

25.5 

TABLE  C.G  TWENTY-FOUR-HOUR  GAMMA  DOSES  IN  FORWARD 
FIREROOM  (UPPER  LEVEL) 


Dose  in  roentgens. 


Film-Badge 

Station 

^ot  Walioo 

Shot  Umbrella 

DD  474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

400 

250 

100 

57.7 

83 

51 

7.2 

170 

— 

5G.6 

81 

52 

6.6 

401 

— 

131 

— 

107 

75 

10.2 

410 

— 

— 

121 

75 

10,7 

402 

475 

184 

65.1 

116 

75 

10.2 

463 

151 

66.3 

118 

73 

11.0 

403 

537 

140 

101 

159 

140 

17.4 

308 

166 

101 

157 

147 

17.1 

404 

358 

216 

76.9 

164 

84 

0.4 

342 

223 

65.7 

— 

85 

9.0 

405 

582 

234 

87.8 

242 

175 

15.9 

597 

230 

69.3 

246 

170 

16.5 

406 

198 

88 

58.7 

95 

56 

7.2 

407 

198 

91 

52.7 

86 

58 

7.0 

408 

198 

96 

55.1 

— 

57 

6.8 

417 

207 

97 

48.2 

96 

61 

6.8 

TABLE  C.7  TWENTY-FOUR-HOUR  GAMMA  DOSES  IN  FORWARD 
FIREROOM  (LOWER  LEVEL) 


Dose  in  roentgens. 


Film-Badge 

Station 

Shot  Wahoo 

Shot  Umbrella 

DD474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

409 

62 

35.3 

12.3 

31.3 

17.7 

1.2 

63 

36.5 

14.5 

28.8 

18.0 

1.6 

410 

90 

35.7 

23.4 

52.3 

17.4 

2.4 

149 

32.7 

23.1 

52.3 

18.0 

1.6 

411 

72 

38 .0 

10.2 

35.3 

10.2 

<1.0 

113 

30.6 

9.7 

3G.1 

11.0 

<1.0 

412 

153 

25.9 

15.6 

54.6 

13.9 

1.2 

102 

26.5 

12.0 

52.7 

12.0 

1.2 

413 

101 

55.1 

25.5 

44.1 

28.1 

2.6 

414 

120 

49.5 

23.7 

45.7 

2G.8 

2.4 

415 

101 

48.2 

27  A 

48.6 

26.2 

2.2 

416 

Si 

49.1 

29.2 

49.5 

25.5 

2.4 

102 
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ENGIKE  ROOM  (UPPER  LEVEL) 
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TABLE  C.IO  TWENTY-FOUtt-IIOUR  GAMMA  DOSES  IN  GALLEY 
(MAIN  DECK) 


Dose  in  roont|icns. 


Film“Baclg< 

Station 

3  Shot  Walioo 

Shot  UmbreJla 

DD  474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

500 

613 

475 

220 

238 

246 

35.7 

>1,000 

420 

230 

259 

254 

38.0 

501 

895 

709 

155 

321 

274 

39.8 

>1,000 

709 

220 

290 

274 

42.5 

502 

>1.000 

730 

210 

302 

254 

33.0 

>1,000 

597 

210 

200 

274 

32.7 

503 

>1,000 

775 

242 

296 

366 

40.6 

>1,000 

646 

175 

280 

383 

40.2 

504 

— 

537 

250 

290 

280 

35.0 

— 

730 

223 

308 

285 

35.3 

505 

752 

463 

155 

290 

220 

37.6 

865 

430 

153 

280 

216 

37.3 

506 

475 

290 

335 

302 

30.9 

— 

629 

280 

400 

280 

33.0 

508 

>1,000 

358 

173 

280 

— 

31.3 

124 

420 

138 

250 

— 

29.5 

507 

>1,000 

582 

234 

375 

302 

40.6 

509 

>1,000 

441 

230 

400 

296 

40.6 

511 

895 

463 

230 

463 

285 

39.1 

513 

>1,000 

452 

178 

391 

290 

41.0 

TABLE  C,ll  TWENTY-FOUR-HOUR  GAMMA  DOSES 
IN  AFT  FIREROOM  (UPPER  LEVEL) 


Dose  in  roentgens. 


Film-Badge  Station 

Shot  Wahoo 

Shot  Umbrella 

DD  592 

DD  592 

550 

145 

76.9 

141 

78,6 

551 

130 

64.0 

117 

62,9 

502 

198 

141 

204 

130 

553 

155 

— 

147 

80.1 

554 

242 

186 

280 

178 

555 

259 

108 

250 

107 

556 

140 

64.0 

557 

136 

65.7 

558 

140 

67.7 

559 

143 

66.3 

TABLE  C.12  TWENTY-FOUR-HOUR  GAMMA  DOSES 
IN  AFT  FIREROOM  (LOWER  LEVEL) 


Dose  in  roentgens. 


Film-Badge  Station 

Shot  Waiioo 

DD  592 

Shot  Umbrella 
DD  502 

560 

49.9 

20.7 

49.9 

20.4 

561 

49.5 

21.9 

56 .6 

23.1 

562 

33.0 

15.9 

35.0 

14.7 

563 

37.6 

14.2 

42.5 

13.9 

564 

65.1 

28.8 

565 

59.7 

26.8 

566 

G9.3 

31.3 

56? 

65.5 

27.8 
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TABLE  C.19 


TWENTY-FOUR-HOUR  GAMMA  DOSES  IN  STEERING 
GEAR  ROOM  (FIRST  PLATFORM) 


Dose  in  roentgens. 


Film-Badge 

Station 

Shot  Waiioo 

Shot  Umbrella 

DD  474 

DD  592 

DD  593 

DD  474 

DD  592 

DD  593 

301 

420 

308 

113 

157 

204 

19 

566 

223 

74 

155 

210 

19 

902 

5G6 

234 

82 

181 

207 

22 

775 

321 

82 

181 

207 

23 

903 

646 

452 

93 

189 

230 

23 

566 

285 

95 

195 

227 

24 

904 

550 

420 

118 

201 

213 

29 

629 

285 

115 

184 

223 

29 

TABLE  C.20  STANDARD  ERRORS  OF  FILM-BADGE  DOSE  AVERAGES 

Values  are  expi'essed  as  percentages  of  the  average  dose  in  various  compartments  or 

areas.  _ 

_  .....  Shot  Wahoo  Shot  Umbrella 

Compai-tment  or  Ai-ea  dD  593 


Above  waterline,  16  to  33  ft; 
Pilot  house 
Chart  house 
Main  weather  deck 
Midships 
Fantail 

Above  waterline,  11  to  16  ft; 
Forward  quarters 
Radio  central 
Galley 

Crew’s  washroom 
Above  waterline,  2  to  4  ft: 
Crew's  mess 
Forward  fireroom 
Forward  engine  room 
Aft  fireroom 
Aft  engine  room 
Aft  quarters 
Steering  gear  room 
Below  waterline,  3  to  6  ft: 
Magazine 
Forward  fireroom 
Forward  engine  room 
Aft  fireroom 
Aft  engine  room 


— 

5.2 

14.3 

— 

7.0 

6.6 

— 

4.5 

9.6 

— 

— 

13.0 

_ 

9.1 

8.2 

— 

17.5 

5.2 

— 

5.2 

4.5 

~ 

7.1 

8.0 

11.3 

5.1 

6.7 

11.0 

9.8 

6.6 

12.2 

5.9 

6.6 

— 

7.6 

— 

— 

6.0 

— 

12.8 

5.7 

6.0 

9.1 

6.3 

6.8 

4.8 

4.0 

8.4 

7.2 

11.0 

8.9 

6.7 

9.6 

— 

7.0 

— 

— 

8.7 

— 

2.9 

2.5 

2.4 

7.9 

5.2 

6.2 

4.6 

7.1 

5.1 

— 

4.2 

0.6 

7.7 

5.7 

7.2 

8.1 

12.6 

8.5 

4.2 

3.5 
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Figure  C.2  Location  and  designsition  of  film-badge  stations 
in  forwa.rd  quarters  (first  platform)  aboard  target  ships. 
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CREW'S  MESS-lBERTH 


Fi^re  C.4  Location  and  designation  of  film-badge  stations 
in  pilot  house  and  chart  house  (02  level)  aboard  target  ships. 
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Figure  C.6  Location  and  designation  o£  film-badge  stations  in  forward  fireroom  (upper  level)  aboard  target  ships. 


! 


Note.  Items  Marked  “p"are  Pumps 

Figure  C.7  Location  and  designation  cJ  film-badge  stations 
in  forward  flreroom  (lower  level)  aboard  target  ships. 
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FUEL  OIL  TANKS 


Fl^re  C.8  Location  and  designation  of  film-badge  stations 
in  forwaid  engine  room  (upper  level)  aboard  target  ships. 
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FORWARD  FIRE  ROOM 


Note:  Items  Marked  ”P"are  Pumps 

Fi^re  C.9  Location  and  designation  of  fUm-badge  stations 
in  forward  engine  room  (lower  level)  aboard  target  ships. 
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Note;  DO 592  Galley  Eqipment  Removed  Prior  to  Tests. 

Fi.pire  C.IO  Location  and  designation  of  film-badge 
stations  in  galley  (main  deck)  aboard  target  ships. 
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AFT  ENGINE  I  ROOM 


Figure  C.ll  Location  and  designation  of  fUm-badge 
stations  in  aft  fireroom  (upper  level)  aboard  DD  592. 
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Figure  C.12  Location  and  designation  of  film-badge 
stations  in  aft  fireroom  (lower  level)  aboard  DD  592. 
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.Light.  Trans. 


Note:  Items  Marked "P"ore  Pumps 

Figure  C.13  Location  and  designation  of  fiini  badge 
stations  in  aft  engine  room  (upper  level)  aboard  DD  592. 
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aft.  fire  room 


Figure  C.14  Location  and  designation  of  film-badge 
stations  in  aft  engine  room  (lower  level)  aboard  D0  592. 
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AFT  FIRE  ROOM 


I 


Figure  C.15  Location  and  designation  of  film-badge 
stations  on  main  deck  (midship)  aboard  target  ships. 
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Figure  C.16  Location  and  designation  of  film-badge  stations 
in  crew’s  washroom  (main  deck)  aboard  target  ships. 
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Figure  C.17  Location  and  designation  ot  film-badge  .stations 
ouarters  (first  platform)  aboard  target  ships. 
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854 


I-  r  18  Location  and  designation  of  film-badge 
!;Cns  —  deck  (fantail,  aboard  target  sbipa. 
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Figure  C.19  Location  and  designation  of  film-badge  stations 
in  steering  gear  room  (first  platform)  aboard  target  ships. 
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Appendix  t) 

TABULATIONS  OF  GAMMA-RADIATION  HISTORIES 


Appendix  D  is  not  being  published. 

The  appendix  consists  of  2  pages  of  text,  386  pages  of  numei'ical  data  tables  (dose  rates  and  doses  ver¬ 
sus  time  and  Location,  and  the  like),  and  3  figures  that  depict  the  estimated  probable  errors  in  average 
gamma  dose  rates  and  doses  (vei’sus  time)  on  the  weather  docks  of  the  target  ships. 

Initial  distribution  of  Api}endix  D  included  2  copies  to  Headquai'ters,  Defense  Atomic  Support  Agency 
(SWPET),  2  copies  to  Bureau  of  ^ips  (Codes  341  and  423),  and  6  copies  to  U.S.  Naval  Radiological  De¬ 
fense  Laboratoi'y. 

Readers  desiring  access  to  this  more-basic  data  may  obtain  a  copy  on  i*equest  sent  to; 

Commander 
Field  Command,  DASA 
ATTN:  FCWT 
Sandia  Base ,  New  Mexico 
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Military  Di&iribution  Category  26 


APMY  ACTIVITIES 

1  Deputy  Chloi*  of  Staff  for  Military  Operations,  d/a, 

Washington  25,  D.C.  ATTH:  Dir.  of  SWAB 

2  Chief  of  Research  and  Develciment,  D/A,  Washington  25, 

D.C.  ATTN;  Atomic  Div, 

^  Assistant  Chief  of  Staff,  Intelligence,  D/a,  Washington 
25,  D.C. 

4-  5  Chief  Chemical  Officer,  D/A,  Washington  25,  D.C. 

6  Chief  of  Engineers,  D/a,  Washington  25,  D.C.  ATTH:  BNCNB 

7  Chief  of  finginsera,  d/a,  Vashington  25,  D.C.  AT’Rt:  BNCKB 

8  Chier  of  Engineers,  D/A,  Washington  25,  D.C,  ATOJ:  EKGTB 

9-  10  Office,  Chief  of  Ordnance.  D/A,  Washington  25,  D.C. 

ATTH:  ORDTN 

11  Chief  Signal  Officer,  d/a.  Research  €ind  Development  Dlv., 

Washington  25,  D.C.  ATTH:  SICKD-*» 

12  Chief  of  Transportation,  D/A,  Office  of  Plannlnc  and  Int., 

Washington  25,  D.C. 

13>  l4  The  Surgeon  General,  D/a,  Washlngtcn  25,  D.C.  ATTN:  MBDNE 
15-  17  Commanding  General,  U.S.  Continental  Ai^  Command,  Ft. 
Monroe,  Va- 

18  Director  of  Special  Weapons  Developnent  Office,  Head¬ 

quarters  CONARC,  Ft.  Bliss,  Tex.  ATHJ:  Capt.  Chester  I. 
Peterson 

19  President,  U.S.  Any  Artillery  Board,  Ft.  Sill,  Okla. 

2u  President,  O.S.  Any  Air  Defense  Board,  Ft.  Bliss,  Tex. 

21  President,  U.S.  Army  Aviation  Board,  Ft.  Rucker,  Ala. 

ATTN?  ATBO-DO 

22  Commanding  General,  First  United  States  Any,  Governor's 

Island,  New  York  k,  R.T. 

23  Commanding  General,  Second  U.S.  Army,  Ft.  George  G.  Meade, 

Md. 

24  Commanding  General,  Third  United  States  Any,  Ft.  McPherson, 

Oa,  ATTHj  ACofS  0-3 

25  Commanding  General,  Fourth  United  States  Any,  Ft.  Sam 

Houston,  Tex.  ATTK:  Q-3  Section 

26  Coomanding  General,  Fifth  United  States  Any,  I66O  B.  Hyde 

Park  Blvd.,  Chicago  I5,  Ill. 

27  Commanding  General,  Sixth  United  States  Any,  Presidio 

of  San  Francisco,  San  Francisco,  Calif.  ATTH:  AHCCT-4 

28  Coosnandant,  Army  War  College,  Carlisle  Barraexs,  Pa. 

ATW:  Library 

29  Commandant,  U.S.  Army  Command  &  General  Staff  College, 

Ft.  Leavenworth,  Kansas.  ATHI:  ARCHtVBS 

30  Commsndsnt,  U.S.  Army  Air  Defense  School,  Ft.  Bliss, 

Tex.  kTEKi  Coosnand  &  Staff  Dept. 

31  Ctwnandant,  U.S.  Army  Armored  School,  Ft.  Knox,  Ky. 

32  CooBandant,  U.S,  Army  Artillery  and  Missile  School, 

Ft.  Sill,  Okla.  ATTN:  Combat  Development  Department 

33  Commandant,  U.S.  Ar^  Aviation  School,  Ft.  Rucker,  Ala. 

34  Cofi&andant,  U.S.  Any  Infantry  School,  Ft.  Benning, 

Ga.  ATIff:  C.D.S. 

35  The  Superintendent,  U.S.  .Military  Academy,  West  Point, 

K.I.  ATTH;  Prof,  of  Ordnance 

36  Conmandant,  The  Quartennster  School,  U.S.  Any,  Ft.  Lee, 

Ya.  ATTH;  Chief,  9M  Library 

37  CoBBandant,  U.S.  Army  Ordnance  School,  Aberdeen  Proving 

Gicund,  Md. 

36  Coanandant,  U.S.  Army  Ordnance  zdid  Guided  Missile  School, 
Redstone  Arsenal,  Ala. 

39  Comandlug  General,  Chemical  Corps  Training  Comd.,  Ft. 
McClellan,  Ala. 

ko  Commandant,  USA  Signal  School,  Ft.  Monmouth,  N.J. 
kl  CouBandant,  USA  Transport  School,  Ft.  Sustis,  Va.  ATIV: 
Security  and  Info.  Off. 

42  COBBanding  General,  The  Engineer  Center,  Ft.  Belvolr,  Va. 

ATTN:  Asst.  Codt,  Eogr.  School 

43  Commanding  General,  Any  Medical  Service  School,  Bi'ooke 

Army  Medical  Center,  Ft.  Sam  Houston,  Tex. 


44  Director,  Anted  Forces  Institute  of  Failiology,  Walter 

Reed  Army  Med.  Center,  625  l6th  St.,  TW,  Washington 
25,  D.C. 

45  Commanding  Officer,  U.S.  Any  Research  Lab.,  Ft.  Knox, 

46  Congnandant,  Valter  Reed  Any  Inst,  of  Hes.,  waiter 

Reed  Any  Medical  Center,  Washington  25,  D.C. 

47-  46  Commanding  General,  Qm  R&D  Comd.,  0,4  R£J>  Cntr.,  Natick, 
Maas.  ATTH:  CBR  Lle'ison  Officer 

49-  50  Commanding  General,  9m.  Research  and  kngr.  uomd.,  uSa, 
Natick,  Maes. 

51-  52  Commanding  General,  U.S.  Any  Chemical  Corps,  Research 
and  Developnent  Comd.,  Washington  25,  D.C. 

53-  5'*  Commanding  Officer,  Chemical  Warfare  lab.,  Amy 
Chemical  Canter,  Md.  ATM:  Tech.  Library 

55  Commanding  General,  Engineer  Research  and  Dev.  lab., 

Ft.  Belvolr,  Va.  ATTN:  Chief,  Tech.  Support  Branch 

56  Director,  Waterways  rxperinent  Station,  P.O.  Box  63I, 

Vicksburg,  Hiss.  ATTN;  Library 

57  Commanding  Officer,  Diamond  Ord.  Fuze  Labs,,  Washington 

25,  D.C.  ATTN;  Chief,  Nuclear  Vulnerability  Br.  (23O) 
58-  59  Ccooending  General,  Aberdeen  Proving  Grounds,  Md.  ATTN; 
Director,  Bellistlcs  Research  laboratory 
60  Coimanding  Officer,  Ord.  Materials  Researca  Off., 

Watertown  Arsenal,  Watertown  ^2,  Mass.  APIW;  Dr.  Foster 
$X  Commanding  General,  Ordnance  Ammunition  Connand,  Joliet, 

m. 

Commanding  Officer,  USA  Signal  R&D  Laboratoiy,  Ft. 
Monmouth,  N.J. 

63  COBBanding  General,  U.S.  Any  Eleot’.opJe  Proving  Ground, 

Ft.  Huachuca,  Arlz.  ATTN;  Tech.  Library 

64  Commanding  General,  USA  Combat  Sui'raillw.cA  Agency, 

1124  N.  Highland  St.,  Arlington,  Va. 

65  Commanding  Officer,  USA,  Signal  RU)  laboratory,  Ft. 

Monmouth,  H.J.  ATTH;  Tech.  Doc.  Ctr.,  Evai.e  Area 

66  Director,  uperatione  Research  Office,  Johns  Hopkins 

University,  6935  Arlington  Rd.,  Bethesda  l4,  Md, 

67  Commandant,  U.S.  Army  Chemical  Corps,  CBR  Weapons  Sobnol, 

Pugway  Proving  Ground,  Dugvay,  Utah, 

68  COBBanding  General,  Southern  European  l^sk  Force,  APO 

168,  How  York,  N.Y.  ATTH;  ACofS  0-3 
89  Ccamandlng  General,  Eighth  U.S.  Amy,  APO  3OI,  San 
Francisco,  Calif.  ATTN:  ACofS  0-3 
70  csBBunding  General,  U.S.  Amy  Alaska,  APO  949*  Seattle, 
Washlngtoo 

T1  COBBanding  General,  U.S.  Any  Caribbean,  Ft.  Amador, 
Canal  Zone.  ATTH:  ChQ.  Office 
12  Conander-ln-Chief,  U.S.  Amy  Pacific,  APO  956,  San 
Francisco,  Calif.  ATTN:  Ordnance  Officer 

73  CenaDandiuE  General,  UBARFANT  81  MDPR,  Ft.  Brooke, 

Puerto  Rico 

74  ConoBanding  Officer,  9th  Hospital  Center,  APO  I60,  Rev 

York,  N.t.  ATTO;  CO,  US  Army  Nuclear  Medicine 
Research  Detachment,  Europe 


NAVY  ACTIVITIES 

75-  76  Chief  of  Naval  Operations,  d/N,  Washington  25,  D.C. 

ATTH:  0P-03SG 

77  Chief  or  Naval  Operations,  D/N,  Washington  25,  D.C. 

ATTN:  OP-75 

76  Chief  of  NavfJ.  Operations,  D/H,  Washington  25,  D.C. 

ATTH:  OP-92202 

79  Chief  of  Naval  Personnel,  d/n,  Washington  25,  D.C. 

80-  61  Chief  of  Naval  Research,  D/N,  Washington  25,  D.C. 

ATTN:  Code  6II 

82-  84  Chief,  Bureau  of  Naval  Weapons,  d/n,  Washington  25.  D.C. 
ATTN:  DLI-3 
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>  Chief,  Bureau  of  Medicine  and  Surgeiy,  D/N,  Washington 
25,  D,C.  ATTH;  Special  Wpna.  Dof.  Dlv. 
i  Chief,  Bureau  of  Ordnance,  d/n,  Washington  25,  B.C. 

'  Chief,  Bureau  of  Ships,  B/N,  Vashlngtou  25,  D,C. 

ATTS:  Code  422 

1  Chief,  Soreau  of  Yasi^e  a£>.d  Bocks,  D/M,  Washington  25, 

D.C.  ATTM:  I>*440 

Director,  0.8.  Kaval  Itesearch  Laboratory,  Washington 
25,  D.C.  ATTR:  Mrs.  Katherine  S.  Cass 
CoBOtander,  0.6.  Naval  Ordnance  laboratory.  White  Ohk, 
Silver  Spring  19,  Md. 

Director,  Material  Lab.  (Code  900).  New  York  Naval 
Shlpyerd,  Brooklyn  1,  K.Y. 

Comandlug  Officer  end  Director,  Havy  Mleetronice 
laboratory,  San  Diego  52,  Calif. 

Connandlng  Officer,  U.8.  Naval  Badiological  Defense 
laboratory,  8au  franeleeo,  Calif.  ATHI:  Tech. 

Info.  Dlv. 

Commanding  Officer  and  Director,  U.S.  Naval  Civil 
Snglneering  Laboratory,  Port  Hueneae,  Calif. 

ATTN;  Code  L31 

Superintendent,  0.8.  Naval  AcadeBO',  Annapolis,  Md. 
Commanding  Officer,  U.S.  Naval  Scl^le  Coanend,  0.6. 

Naval  Station,  Treasure  Island,  San  Francisco,  Calif. 
President,  O.S.  Naval  War  College,  Nevport,  Bhode  Island 
Superintendent,  O.S.  Naval  Postgraduate  School,  Monterey, 
Calif. 

Offlcer-ln'Charge,  O.S.  Neval  School,  CSC  Offlcera,  O.B. 

Naval  Construction  Bn.  Center,  Port  Hueneae,  Calif. 
Connandlng  Officer,  Nuclear  Weapons  Training  Center, 
Atlentie,  U.S.  Naval  Base,  Norfolk  11,  Va.  Al'iV: 

Nuclear  Warfare  Dept. 

Commanding  Officer,  Nuclear  Veapone  Training  Center, 
Pacific,  Naval  Station,  San  Diego,  Calif. 

Commanding  Officer,  O.S.  Naval  Damage  Control  Tng. 

Center,  Naval  Base,  Philadelphia  12,  Pa.  ATIN:  ABC 
Defense  Course 

Coautandlng  Officer,  Air  Development  Squadron  5,  VZ>5, 

China  Lake,  Calif. 

Coamandlng  Officer,  U.S.  Naval  Medical  Beaearch  Institute; 

National  Naval  Medical  Center,  Bethesda,  Md. 

Coonander,  0.8.  Naval  Ordnance  Test  Station,  China  Lake, 
Calif. 

Offlcer«in>Charge,  U.S.  Naval  Supply  Research  and 
Developewnt  Feoillty.  Naval  Supply  Center.  Bayonne,  N.d. 
Commander-In-Chief,  U.S.  Atlantic  Fleet,  0.6.  Naval 
Base,  Norfolk  11,  Va. 

C<»aandant,  U.S.  Marine  Corps,  Washington  25,  D.C. 

ATTN:  Code  A03H 

Director,  Haruie  Corps  Landing  Force*  Develoioent 
Center*  ICS,  <luantico,  Va. 

Chief,  Boreaa  of  Ships,  D/N,  Washington  25,  D.C.  ATTN: 

Code  372 

Commanding  Officer,  U.S.  Naval  CIC  School,  O.S.  Naval  Air 
Station,  Olynco,  Brunswick,  Ga. 

Chief  of  Naval  Operations,  Department  of  the  Navy,  Washing¬ 
ton  25,  D.C.  ATTN;  0P-0^5 

Chief,  Bureau  of  Naval  Weapons,  Navy  Department,  Washing¬ 
ton  25,  D.C.  ATTN:  RR12 

Coomaeder-in-Chief,  U.S.  Pacific  Fleet,  Fleet  Post 
Office,  San  Francisco,  Calif. 

AIR  I’ORCB  ACTIVITIES 

Air  Force  Tacimicai  Applicatlcn  Center,  Oft.  OSAF,  Wash¬ 
ington  25,  D.C, 

Deputy  Chief  of  Staff,  Operations,  Bl^.  OSAF,  Washington 
25,  D.C.  ATTN:  AfXX)P 

Hq.  OSAF,  ATTN:  Operations  Analyeia  Office,  Office,  Vice 
Chief  of  Staff,  Washington  25,  D.  C. 

Director  of  Civil  Engineering,  Bl.  OSAF,  Washington  25,  D.C. 
ATTN:  AFOCE 

Hft.  USAF,  Washington  25,  D.C.  AITH:  AFCIH-3D1*  Hv  4B137, 
Pentagon 

Director  of  Research  and  Development,  DCS/D,  B).  OSAF, 
Wsshington  25*  D.C.  ATTN:  Guidance  emd  Weapons  Dlv. 

The  Surgeon  General,  BQ.  USAF,  Washington  25v  D.C. 

ATTN:  Bio.-Def.  Pre.  Med.  Division 
CoBDander,  Tactical  Air  Coomand,  Langley  AFB*  Va.  ATTN: 

Doc.  Security  Branch 


D  Co^nder,  Air  Defense  Command,  Ent  AFB,  Colorado. 

ATTN:  Operations  Analysis  Section,  A1XX>A 
L  COTOndor,  Hq.  Air  Baaaaroh  and  De-nilopnant  Coanaand. 

Andrews  AFB,  Vaehiiigton  25*  D.C.  ATTN:  RDRWA 
>  Conmnder,  Air  Force  Balllatlo  Mlaslle  Dlv.  El.  ABDC  Air 

Force  Unit  Post  Office^  loa  Angelaa  1*5^  CallF.  AWW:  WDSOT 
‘  Co^ccjcr,  dP  Cambridge  HocMrch  Center,  L.  a.  Kanacom 
Field,  Bedford,  Msss.  ATHl;  CB^ST-2 
)  Cemmder,  Air  Force  Special  Weapons  Center,  Klrtland  AFB 
Albuquerque,  H.  Her.  AttH:  Tech.  luTo.  A  Intel.  Dlv.  ' 

.  Director,  Air  Dnlverelty  Library,  Maxwell  AFB,  Ala 
Camiander,  Lowry  Technical  Training  Center  (tW)  . 

Lowry  AFB,  Denver,  Colorado. 

ComMda|rt  School  oC  A.lutlou  Medioloc,  LLLIF,  Aeroapuce 
Medical  Center  (ATC)  Brooke  Air  Force  Base  Tex 
ATTN:  Col.  0.  L.  Hekhuls 

C«.nd.r;  1009th  Sp.  Wpne.  Squedron,  Bq.  U8AF,  W.ehlngton 

Co^nd^,  Wrl^t  Air  Devolopoent  Center,  Wrlght-Pettereon 
AFB,  Deyton,  Ohio.  ATTH:  WCACT  (For  HCCSI) 

Project  BABD,  VIA:  USAF  Liaison  Office 
Monica,  Calif.’ 

oieiauinder.  Air  Defenee  Systems  Integration  Dlv.,  L  G 
Hanscom  Field,  Bedford,  Mass.  ATTM:  SIDE-S 
Coniemder,  Air  Technical  Intelligence  Center,  U8AF, 
Wrlght-Pettereon  AFB,  Ohio.  ATTH:  AFCI«-4Ble,  Llbreiy 
Asslatent  Chief  of  Staff,  Intelligence,  IB.  ITSAFg  ATO 
633,  Hew  York,  H.l.  ATTH:  Directorate  of  Air  ttrgeta 
Commander,  Alaskan  Air  Cemaend,  APO  942,  Seattle 
Washington.  ATTN;  AAOTN  * 

Commander-ln-Chlef,  Pacific  Air  Forces,  APO  953  Sa-u 
Francisco,  Calif.  aTTM:  PFCIB-MB,  Base  Reccveiy 

OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITISS 

Whlnston  25, 

Biecutlve  Eecretary,  Military  Liaison  Committee,  Depart- 
ment  of  Defense,  Washington  25,  D.C. 

Weapons  oyatems  Evaluation  Group,  Roca  lEfiflo 
The  Pentagon,  Washington  25,  D.C.  * 

=5,  K.C. 

Coje^r,  Fl.ld  Co«i»nd,  DABA,  SMidla  Ba..,  Alkuqw.rqu., 

'T^!'iS:'’F?r“'’’ 

"lEr^rOAWB''  Offutt  AFB, 

COMondant,  UB  Coast  Guard,  1300  E.  8t..  N  W 
25,  D.C.  ATTN;  Cdr.  B.  E.  to^st  "  ' 

Ca««i^-ln.Chl.f,  lOCOM,  APO  128,  Bn  York,  B  I 

New  T  k  Itopresentatlve  -  8BAPI,  APO  55, 

SAC  (BUP3.1).  Offutt  AFB,  Nebr. 


AfCMlC  EJOBCn  CdWiaSION  ACTIVITIES 

0.3.  At«lc  Bner£^Co:a.laelon,  Technical  Library,  Washing- 
ton  25*  D.C.  ATTN;  For  IHA  ^ 

I08  Alamos  Scientific  Laboratory,  Repoi’t  Libraiy  p  o 
Box  1663,  loe  Alamos,  K.  Hex.  ATTH:  Bolen  Eedmin 
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CONFIDENTIAL 


Defense  Special  Weapons  Agency 

6801  Telegraph  Road 
Alexandria,  Virginia  22310-3398 


TRC 


27  August  1998 


MEMORANDUM  TO  DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTN:  OCQ/Mr  William  Bush 


SUBJECT:  CLASSIFICATION  CHANGES 


The  Defense  Special  Weapons  Agency  Security  Office  has  reviewed  and  declassified  the 
following  documents  and  distribution  statement  A  now  applies: 

WT-1631,  AD-355505 
WT-1619,  AD-357951 

Also  WT- 16 19-EX  should  be  withdrawn  from  the  system. 

Also  WT-1637,  AD-339275,  has  been  downgraded  to  Confidential  FRD. 

ui)  'uLdUi 

ARDITH  JARRETT 

Chief,  Technical  Resource  Center 


